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Abstract 
 
There is great potential for study of the experience of film by incorporating 
scientific research into the theorising process. In this work I outline my 
own values for theoretical work and provide discussion of the 
methodological goals and practices I will employ to utilise scientific 
research in film theorising and to meaningfully engage with that work. This 
includes a focus on strong argumentation, engagement with a broad scope 
of study on film, the production of applicable and assessable theories as 
well as robust theory construction. In addition to a description of practical 
applications towards these goals, the thesis will detail ways that a theorist 
may engage scientific work without being an expert in that field themselves. 
 
The work will examine the concept of ‘persistence of vision’ as a historical 
case study of the relationship between film theorising and scientific work. 
This includes a detailed examination of the evolution of different 
explanations for phenomena related to visual persistence and motion 
perception. Following this is a critique of the use of ‘persistence of vision’ 
within historical film theories as well as a description of a number of 
individuals who valued the incorporation of scientific work in the film 
theorising process. 
 3	  
© Copyright by Jared Orth, 2013. All rights reserved.
 4	  
Acknowledgements 
 
Firstly I would like to thank Colin Clifford, Sally Andrews, Helen Paterson, and most of 
all Caleb Owens for their time and assistance in the early stages of my work providing 
me with grounding in psychology, cognition, and perception, of which I had little prior 
knowledge.  
 
My supervisor, Richard Smith, is owed a great debt for his invaluable assistance in 
turning my early ambitions and intentions into a serious body of work of a standard that 
could not otherwise have been achieved. I am also indebted to Bonnie Nguyen and 
Bronwyn Watkins for proofreading assistance amongst other critical pointers. This debt 
extends to a wide group of friends and family who have at some point or another had to 
indulge me by listening to overly detailed recounts of persistence of vision or other ideas 
from within my thesis. 
 
I would especially like to thank Kristina Hollestelle for the academic and emotional 
support, especially during a quite extended period of illness for myself, which I cannot 
imagine going through alone. I would also like to thank Radiolab by WNYC for inspiring 
my topic and area of research and Min-Taec Kim for having first introduced me to the 
show. 
 5	  
Contents 
 
1. Introduction             7 
 
2. Interdisciplinary engagements with film: a proposal of method    12 
2.1 The experience of film and interdisciplinary theorising   15 
2.2 Theorising through strong argumentation     19 
2.3 Engagement with a broader scope of study on film   21 
2.4 Applicable and assessable theoretical claims    22 
2.5 Robust theory construction      23 
2.6 Outlining of all relevant premises, assumptions and intentions  26 
2.7 Engage with fields of theory relevant to the aspect of film being  
investigated         33 
2.8 Understand how film may be engaged as a non-quantifiable  
object          36 
2.9 Interpretation/criticism of individual films must be used  
cautiously            37 
2.10 A functional approach to science informing film theorising   41 
 
3. Prerequisites to engaging science and a case study of  
methodological approach        47 
 
3.1 How to think about science and scientific work    51 
3.2 How to critically challenge scientific work     56 
3.3 Engaging evidence and quantitative/qualitative data   62 
3.4 Statistical literacy        65 
3.5 Metric analysis of films       68 
3.6 3-D film: a case study       72 
3.7 Theory construction and methodological applications   81 
 
4. A history of scientific research into ‘persistence of vision’   87 
4.1 The problem of persistence of vision     90 
4.2 Persistence of vision       92 
4.3 Apparent motion        96 
4.4 Visual persistence        100 
4.5 Separating motion and persistence     106 
 
5. Visual persistence and motion detection    113 
5.1 Visual persistence phenomena     114 
5.2 Afterimages       115 
5.3 Flicker fusion       119 
 6	  
5.4 Motion detection systems      124 
5.5 Apparent motion as sampled motion    132 
5.6 Perceptual neurological disorders     137 
5.7 Apparent motion as real motion   139 
 
6. Theoretical engagements with ‘persistence of vision’ within film 146 
6.1 Historical theories of visual persistence and motion within film 148 
6.2 Film theorising and ‘persistence of vision’    150 
6.3 Superadding motion by the viewer     151 
6.4 Collision theory       157 
6.5 The invention of cinema      160 
6.6 The transformative apparatus of cinematic projection  163 
6.7 Contradiction and the law of movement    166 
6.8 Physiological explanations for the experience of film  170 
 
7. The realisation of an interdisciplinary study of film   176 
7.1 The need for interdisciplinarity in researching the experience  
of film         177 
7.2 The role of art and aesthetics in theories of perception  183 
7.3 David Bordwell’s approach to interdisciplinarity   187 
7.4 Experimental engagement with the film viewing experience 190 	  
8. The benefits of an interdisciplinary engagement with film  206 
Bibliography         211 
 7	  
1. Introduction 
 
The word ‘film’ can refer to a great many things. It can refer to stories and 
characters, projected light in a movie theatre, digital displays on a television or 
monitor, the material that cameras originally recorded light on to, an individual’s 
experience of these events, and the academic study of all of the above. For the 
most part, this thesis will be focusing on what I will refer to as ‘the experience of 
film.’ By this I mean the effect of film as stimuli on the viewer. This encompasses 
the physiological aspects of the perceptual engagement as well as the 
psychological. I believe there is great potential to learn about film by approaching 
it from an experiential viewpoint, however, to do so efficaciously requires an 
interdisciplinary engagement. By drawing on theories from a wide range of 
disciplines that describe different elements involved in the experience of film it is 
possible to gain new insights into how and why we watch films.  
 
Technology plays an important role in the study of film. As the feature film 
traverses across a wider range of mediums and a wider range of viewing contexts 
describing its essential qualities becomes increasingly difficult. The physiological 
processes involved in viewing film that remain constant and those that are 
contextual to each medium are important in understanding how film is 
experienced by viewers. The proposals made throughout this thesis are possible 
because of the advances being made in the ability to measure viewer response 
and to empirically analyse films. Before the introduction of personal home copies 
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of feature films (such as VHS and DVD) it was very difficult to gain access to old 
films or even to re-watch a film while writing about it. Most close analysis was 
limited by memory and available cinema sessions. By reviewing a film originally 
seen at the cinema in one’s own home or office film theorists gained heightened 
accuracy in describing films and the ability to evaluate how they are experienced. 
Similarly, other technological advances can significantly improve the theorist’s 
ability to understand the experience of film. 
 
There now exists technology for observing the viewer, such as eye trackers that 
follow viewer point of focus, allowing deeper engagement with the physiological 
aspect of the experience of film. Further, software that can analyse digital copies 
of film can extract a wealth of empirical data for the purpose of theorising on 
film. Empirical analysis of film has great potential to reveal patterns, procedures 
and preferences that may be otherwise difficult to determine. Both of these 
technologies will be discussed within the thesis and the potential for their 
applications will be elucidated.  
 
Perception and perceptual processes are of particular focus of the efforts of this 
thesis as they compose the core physiological engagements with film by the 
viewer. In The Illusion of Continuity: Active Perception and the Classical Editing System 
Berliner and Cohen (2011) look at how, and whether, specific perceptual 
processes distinguish between cinema and real environments. In doing so they 
provide a useful definition of these processes. 
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A perceptual process is a system in the brain that encodes and 
decodes the sensory information in the physical world. Examples of 
perceptual processes are the transduction of light into a neural 
response, identifying boundaries between objects, and so 
on. (Berliner & Cohen, 2011, pp. 61) 
 
Of equal importance is the percept that is the object of perception. This refers to 
the perceptual experience following the engagement of perceptual processes. The 
distinction between stimuli and percept is an important one as the former is 
merely the environment activating the senses while the percept is the result of the 
resulting stimuli being engaged by perceptual processes before being experienced 
by an individual. This physiological aspect of the experience of film will be 
discussed in greater depth throughout the thesis.  
 
To meaningfully engage film in an interdisciplinary space requires a clear 
methodological approach. The first chapter will provide an outline of my own 
methodological approach to film while the second chapter will discuss solutions 
to issues that arise in attempting to work within an interdisciplinary space to 
engage film. Following this I will provide a historical overview of the concept of 
‘persistence of vision’ within the sciences and the progression of theories of 
motion detection and continuous images. This is intended to act as a case study 
for the potential of other disciplines in helping understand the experience of film. 
This is followed by re-evaluation of important film theorists’ work that utilise 
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‘persistence of vision’ with regards to the contemporary understanding of the 
phenomena. Finally I highlight theorists who have sought to engage film within 
an interdisciplinary space and describe some contemporary experimental 
engagements with film that offer great possibility for future research. 
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2. Interdisciplinary engagements with film: a proposal of method  
 
Film theorising has always been a field of interdisciplinary engagements, drawing 
from existing fields of study to best explain and understand the experience of 
film. Within this work I aim to set clear methodological goals for my own 
engagement with scientific fields of inquiry and film theorising. How best to 
engage scientific work within a context of film theorising raises the following 
methodological considerations: How best can the ideas and research of other 
disciplines inform an understanding of the experience of film? What separates 
the two modes of investigation? How can theorising be improved by 
interdisciplinary engagements when seeking certain ends? What work has been 
done to engage the sciences within film?1 
 
Firstly, these ends must be made clear. This chapter will present the values I hold 
for theoretical engagements with film and will detail the methodological practices 
I employ to meet these goals. Methodology describes a way by which material is 
engaged and the process is defined by the intent and values of the work. 
Methodologies are evaluated by the extent to which they produce work that 
achieves these goals. Methodological approach is shaped by the values of the 
research and researcher. As such, I will begin by outlining my values in 
theoretical work and thus the intentions for my own work within film. 
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 This question will be addressed throughout the thesis with specific attention devoted to 
the question in Chapter 6 
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My intentions for theoretical work are strongly influenced by the potential I 
believe this process holds for making discoveries about the experience of film. 
Film remains one of the most prolific and widespread forms of art and 
entertainment. It is the primary source of storytelling for many in the Western 
world and shapes and reflects cultural and social values. The medium bleeds 
between other visual media, incorporating or informing work within television, 
video, comics, advertising, and video games. Therefore understanding the 
process of viewer engagement with film, both on physiological and psychological 
levels, has the potential to inform our understanding of the experience of film 
well beyond the cinematic environment. 
 
Such potential understanding requires high standards of rigour to be fully 
achieved, therefore strong argumentation rests at the core of my theoretical 
process. Without a commitment to accurate information and reasoned and 
logical argument, an engagement with scientific work within film would be of 
questionable efficacy. By utilising scientific work a broad scope of studies on film 
can, and should, be employed. Studies into the experience of film from other 
fields can be incorporated into theorising on film to develop new ideas and 
explanations of the viewing experience. Further, this provides the potential for 
assessable and applicable theoretical claims by supporting theories with, and 
developing theories on, empirical evidence. This could promote further 
engagement between different fields of investigation on film and produce more 
robust and efficacious theories. The construction of robust theories that can 
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develop and evolve, as new research and evidence comes to light, allows film 
theorising to produce far more socially relevant work and allows for broader 
collaboration of ideas across the field. 
 
The methodological practices presented in this chapter aim to offer potential 
changes that may help overcome the challenges presented in engaging with 
science within the academic study of film. What follows is an outline of several 
practices and processes that will help advance knowledge in film and produce 
theoretical work holding aforementioned values. Some of these practices will aim 
to promote clarity and transparency in theoretical writing, while others focus on 
the amelioration of certain issues within the field that are the result of its broad 
and sometimes incongruous set of values. The methodology outlined is not 
intended to be a new or inventive set of ideas. Rather, it is a set of practices 
fundamental to theorising, and the intent is that by presenting these ideas within 
the context of a meaningful engagement with science, their applications and 
potential will become clearer. These practices aim to provide a path towards the 
critical rigour and conceptual clarity necessary to meaningfully engage in scientific 
ideas and theories. 
 
The practices are in no way all encompassing but are certain ideas that can set 
future theorising on a path towards the goal of improved rigour in scientific 
engagement. Some of the proposals will likely seem unnecessary, or so basic as to 
be assumed knowledge among theorists, however there is value in reexamining 
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theoretical methodology when placed within a framework of a particular set of 
goals and values. While some of the suggestions made here will apply quite 
generally, the intent is to address a specific set of conditions that will improve the 
engagement with, and the use of, scientific research for film theorising. Before 
outlining these practices I need to describe the experience of film, my focus on it, 
and the space I intend my theoretical work to occupy between film theory and 
science. 
 
2.1 The experience of film and interdisciplinary theorising 
 
The experience of film stems from an engagement with the film object and is the 
source of the effect of film. The film object is the series of moving images and 
the circumstances they are viewed within. The experience of film is a viewer’s 
response to encountering and observing the film object within its duration. The 
effect of film is any change or observable occurrence this experience is 
determined to produce. By studying the experience of film I seek to provide 
answers as to how and why we observe certain effects of film. Further, through 
the methodology I outline in this thesis I seek to develop methods to reproduce 
or influence these effects. To do so requires an understanding of the film object, 
the stimulus, and of the components that affect the viewer’s experience of that 
stimulus. Much of this thesis focuses particularly on the physiological processes 
involved in visually perceiving film. I believe that the study of the experience of 
film has great potential to improve understanding of the experience of film, 
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particularly when incorporating scientific methods and research. This stands as 
an underlying premise to my work. 
 
The film object has changed dramatically from its early confines in the early 20th 
century. The limitations on when, where, and how a film may be viewed have all 
but completely disappeared. Much of this thesis is devoted to what may be 
described as the cinematic object and the experience of it. By ‘the cinematic 
object’, I mean one or more viewers in a dark space watching a projected series 
of images from start to finish without break or pause. The viewer is seated and at 
a distance such that the entire projected image may be viewed. Sound, if 
included, is played throughout the entire space via speakers and the space is 
shared by all viewers. Digital projection is a major component of the 
contemporary film object, with 2012 marking the first year digital projection 
overtook traditional film projection as the primary method of projection in 
theatres (Hancock, 2011). For this thesis, focus is placed on film projection as 
opposed to digital simply because the physiological processes involved in 
understanding the historical description of persistence of vision requires it. The 
question of how the gaps between frames are not perceived when watching film 
does not apply to digital projection as it is a constant projection of light. This is 
not to say that understanding this physiological process is not important, merely 
that with the growth of digital projection it occurs far less frequently as a 
percentage of film experiences. 
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I myself am not a scientist nor am I working from within science. I seek to draw 
on scientific work and methods and incorporate them into my own theoretical 
approach. At the same time I do not see my approach fitting into the majority of 
theoretical practices employed within the academic study of film. This includes 
the cognitivists’ approach of which I will address shortly. My approach to 
theorising is interdisciplinary in that it seeks to combine elements from within 
each field. I seek to pursue questions and problems of film common to both film 
theory and scientific fields of study. Scientific research can offer explanations for 
a number of different effects and processes involved in the experience of film. 
The methods outlined in this thesis draw heavily on the values and purpose of 
the methodology employed within scientific disciplines. If these methods stood 
as purely scientific, detached from the film theorising process, the extent to 
which they may make a significant contribution to the understanding of the 
experience of film would be diminished. Scientific disciplines already have this 
opportunity to address questions of film, however the advances in understanding 
of phenomena specific to film are modest with respect to the potential for 
growth. In addition, the advances that are made, with respect to components of 
the experience of film, remain unaddressed and unfocused in their explanatory 
power within a study of film. For these reasons it is necessary to combine 
different approaches, theories and ideas from the sciences with those already 
focused on in the study of film. 
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Film theory has a long history devoted to conceptualising the film object and 
experience. These conceptualisations can assist discoveries within scientific fields 
to be realised within the context of film. Further, the study of film seeks to 
understand the relationship between different components of the experience of 
film, and as such has developed ways of engaging these components critically. 
Without an established understanding of the components of film, as well as the 
processes to critically engage those components, the ability of scientific fields to 
theorise or provide evidence, in relation to film, will not fully develop. Film 
theorists also provide a much broader overview of thinking on film, as well as a 
far more focused understanding of film as a practice and experience. Film 
theorists may therefore assist in the process of experimental design by providing 
theories that utilise this broader awareness of the medium and making use of 
existing theories relevant to any specific problem of film. 
 
There are a number of similarities between the methodology I propose 
throughout this thesis and that advocated by those described as cognitivists 
within the study of film. This proximity should not be used to assume 
equivalence in regards to methodology, values or intentions. Further, a 
conception of what accounts for a cognitivist methodology are varied and at 
times diametrically opposed to one another. In the introduction to Post-Theory 
(Bordwell & Carroll, 1996) cognitivists are defined by their unified rejection of 
psychoanalytic explanations of film and a focus on theories of cognition. For 
Bordwell and Carroll (1996, pp. xvi) the term ‘cognitivist’ is used to describe a 
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“stance”, not a particular theory or even methodology for engaging with film. 
While many cognitivists share a focus on the experience of film through their 
engagement with cognitive theories, the methods, values and intentions of their 
work cover too broad a spectrum. Certain approaches employed by cognitivist 
theorists actively diminish or counter certain practices I wish to employ, and so I 
feel the need to distinguish my approach to prevent misinterpretations of 
intentions and assumptions. Much of this thesis is devoted to detailing the exact 
method I wish to employ and the reasoning and motivation behind it. For this 
reason it is preferred that no assumptions be made about the work based purely 
on its proximity to cognitivism. 
 
2.2 Theorising through strong argumentation 
 
When theorising on the experience of film, an argument is developed for a 
particular way of understanding and conceiving certain phenomena involved in 
that experience. Argumentation is necessary to all theorising, however when 
engaging scientific work it is vital that it is developed in a rigorous and logical 
way. Failing to do so would result in a misrepresentation of ideas and theories 
from scientific fields. The accurate presentation of ideas and theories is critical 
when attempting to combine practices and questions about the experience of 
film from both science and film studies. Theory that engages scientific work must 
be sensitive to the confines in which that work is created and the methods 
employed to draw conclusions. When exploring the experience of film there are a 
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number of factors, particularly physiological, that remain pertinent in any 
engagement with scientific work. 
 
For this reason argumentation must be rigorous, thorough, inclusive, reasoned, 
and logical to produce strong theories of the experience of film. Strong 
argumentation means the inclusion of and engagement with relevant evidence to 
the problem being investigated. Without an engagement with evidence, a theory 
cannot be said to be utilising scientific work. Applying scientific theories without 
reference to or engagement with the evidence they were established upon means 
discarding the weight of those theories. Without supporting evidence the theory 
cannot produce assessable and applicable claims - a goal that will be discussed 
later in this chapter. Re-contextualising scientific work without sensitivity to the 
context it was developed within fails to meaningfully engage the work and fails to 
fully utilise the benefits accorded to a scientifically engaged theorising process on 
the experience of film. 
 
In addition to the above, arguments must be clear, both in intention and in 
meaning. The intentions of a work are important in framing the use of scientific 
research. In addition, a theorist’s understanding of relevant concepts and the 
premises they build their argument upon must be readily available to the reader 
to ensure that any evidence, from scientific sources or otherwise, remains 
uncompromised and can be effectively assessed. This also allows readers to 
clearly examine an argument and the methodology employed to arrive at any 
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conclusions made, something necessary when engaging scientific work. This will 
be discussed in further depth later in this chapter. 
 
2.3 Engagement with a broader scope of study on film 
 
Film addresses us and involves us on all levels of perception and 
consciousness. Thus it has to be studied in a variety of ways and 
using a whole range of methods and approaches. (Bacon, 2005) 
 
Films interact with viewers on physiological, psychological, cultural and social 
levels. The scope of interactions and engagements with film by viewers as 
individuals and as a group is addressed by a wide range of disciplines. These 
disciplines apply different methodologies to investigate problems of film, each 
with the potential to improve our understanding of the experience of it. Theories 
of film that engage with scientific work, such as descriptions of the perceptual 
system, have the potential to provide a broader understanding of the processes 
involved in viewing film. Further, by engaging with a broad number of 
approaches in studying film, theorists may increase the potential for fruitful 
discoveries to be made.  
 
For some problems of film certain methods and approaches will be superior in 
offering explanations of the phenomenon being examined. For example, when 
seeking to understand problems regarding pacing and cutting in film, a method 
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that employs statistical analysis of shot lengths over a diverse sample of 
representative films will produce far stronger evidence and support for a 
particular explanation of an observed phenomenon. To understand which 
methods provide fruitful insight into problems of film requires an application 
and examination of these methods. In his article on cognitive film theory, Carl 
Platinga (2002) argues that more theoretical work should attempt to solve 
problems within film theory by applying our understanding of cognitive 
processes and of spectatorship in film. Film theorists may be best positioned to 
consolidate the existing research in film and to offer insight into the areas that 
may benefit most from additional examination. Furthermore, by consolidating 
the existing theories and evidence regarding a particular component of the 
experience of film, theorists may best be able to understand and explain what is 
occurring or how best to think about certain problems of film that are 
observable, assessable and testable. This will be explored in greater detail later in 
this chapter. 
 
2.4 Applicable and assessable theoretical claims 
 
When incorporating scientific work and theorising on film it is important to do 
so in a way that allows for objective empirical assessment of the theoretical 
claims being made. It is not necessary for film theorists to complete this 
assessment themselves, as in many cases it would involve experimental testing of 
a hypothesis, and in fact by ensuring the work is framed in a way that presents a 
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testable and applicable theory there is improved potential for collaboration and 
development of ideas within the academic community. Theories of the 
experience of film that can be assessed empirically may be engaged with through 
experimental means and invite collaboration from scientific disciplines. Further, 
by providing empirically assessable theoretical claims, investigation on film can 
develop in clearly defined steps and with expectations of forward progress. 
 
By constructing testable and assessable theories of film, findings may be applied 
to help achieve certain social or cultural goals. Such goals may include improving 
educational uses for film, advances in experimental applications of film and 
achieving better understanding of the effects of content on young viewers and 
classification efficacy. It may also assist film makers and consumers by 
elucidating components of the viewing experience. While the development of 
theories of film with real world applications cannot be expected of the field as a 
whole, and in fact would likely hinder the field, the potential for such 
applications when incorporating scientific research are abundant. 
 
2.5 Robust theory construction 
 
As previously described, knowledge and understanding of film has the potential 
to be applied to a broad range of purposes, however the applicability of a theory 
often depends on its robustness. A theory is described as robust if it remains an 
effective and useful explanation of phenomena as assumptions underpinning the 
 24	  
theory are altered. Without robustness the application of a theory is limited to the 
narrow scope in which that theory was constructed. Robust theory construction 
allows the work within film to remain relevant and efficacious in a range of 
contexts, and provides greater utility to those outside of film theory, studying or 
utilising the medium. 
 
Robustness is becoming increasingly important as film appears on a growing 
number of platforms. Discussion of film requires a far greater number of 
considerations when theorising on the viewing experience. A robust theory of 
film is capable of describing the viewing experience even when our assumptions 
are changed by the addition of new platforms. By drawing on existing theoretical 
work specific to different platforms on which films are viewed, it may be possible 
to identify features that would allow for more robust theory construction when 
incorporating the experience of that platform into one’s own theoretical scope. 
 
Visual media plays an important role in informing and shaping social and cultural 
practices, attitudes and beliefs.2 Advances in technology have allowed video game 
graphics and camera work to more closely resemble film in aesthetics, pacing, 
movement and narrative.3 With the recent surge in comic book inspired films the 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 A wonderful source on research into visual media exists in the work by cultural 
sociologists Michael Emmison & Phillip D. Smith (2000) focusing on social and cultural 
inquiry. Of particular interest is the 6th chapter on identities and interaction. 
3 For example Rocksteady Studio’s Batman: Arkham Asylum (2009) utilises the pacing, 
narrative and camerawork commonly observed in contemporary Hollywood action films 
with a strong focus on mise-en-scene. The game trailer for Dead Island (2011) directed by 
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relationship between the two mediums, especially in regards to techniques 
involved with framing and pacing, have seen far more exploration.4 Television 
has also received increased attention, with higher production values and a greater 
number of series receiving praise as serious pieces of artistic work.5 By 
developing more robust theories of film it may be possible to better understand 
how visual media is engaged with in a much broader range of contexts. The 
extent to which theories of film can be used to explain the experience of other 
visual media remains to be seen, but by applying the methods outlined in this 
thesis it will be possible to test and assess this potential. 
 
Finally, by developing robust, assessable theories of film, theorising becomes 
more collaborative and incremental. As new information and new ideas are 
explored, theories can adapt to these changes when constructed as robust. The 
opportunity for a number of individuals to work on the same problem and 
support each other’s work becomes simpler with robust theories of film. Robust 
theories can inform a broader range of study on film and have the potential to 
improve the rigour and effectiveness of further theorising on the experience of 
film. 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Stuart Aitken highlights just how cinematic work with video game quality digital 
animation can be. The video received much critical acclaim for its affective qualities. 
4 Of particular note would be Watchmen (2009) and Scott Pilgrim vs. the World (2010). 
5 Series such as The Sopranos (1999-2007) and The Wire (2002-2008) have seen a 
significant amount of attention within the academic study of visual media. 
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2.6 Outlining of all relevant premises, assumptions and intentions 
 
Within the sciences, a theory is a proposed or existing explanation of empirical 
phenomena. A theory is an argument for a particular understanding of 
phenomena based on evidence. This interpretation of theory is in no way unique, 
however it does highlight the role of argumentation in theoretical work. I wish to 
concentrate on strong argumentation within my practice of film theorising as a 
way of regulating and critically examining the application of scientific work. A 
major component in meeting this goal is the outlining of all relevant premises 
and intentions within theoretical work. By clearly stating the premises and 
intentions of a piece of theoretical work, the core of an argument is made more 
readily accessible for critical analysis. 
 
Premises are the foundational statements from which an argument is built. They 
are the basis of reasoning that an argument relies on to reach a conclusion. If a 
reader cannot accept the premise of an argument there can be nothing within 
that argument that will resolve this problem. As such, there is no reason for 
theoretical work to not be forthcoming about the premises on which its 
argument will rely, unless those premises illuminate a weakness in the argument. 
A clear statement of premises can also improve the clarity of an argument and 
thus lead to more valuable dialogue and discussion within the field. Such a 
statement can also help frame the work, providing readers with a point of 
reference from which to approach the argument. This is invaluable when 
 27	  
attempting to introduce methods and research the reader may be unfamiliar with, 
such as those drawn from scientific backgrounds. 
 
In a similar way, the intentionality of a theoretical work helps to frame that work 
within the broader field of study, and defines the role that the work will attempt 
to fulfil. Without a statement of intention the role of the work can remain 
somewhat ambiguous, making critical engagement with that work difficult or 
lacking in direction. By committing to a definitional framework a work of theory 
can succinctly and precisely describe phenomena. Without doing so it can be 
difficult to discern exactly what a work is claiming.  When engaging with 
scientific work, accuracy and clarity in expression are necessary for effective 
theoretical engagement. Intentions also have the potential to supersede 
argumentation. If theoretical work intends to produce an action or effect, the 
success of the work may be gauged on those measures. For theoretical work in 
film that engages with science, I believe the best way to produce a result or effect 
change in the way we understand film is through strong argumentation. 
However, this is not true of all theoretical work; some works are intended to 
simply provoke thought on a matter, which is not necessarily contingent on 
strong and accurate argumentation to produce the desired effect. 
 
A theory that can clearly state its premises and intentions posits itself within a 
framework for the reader and provides conceptual clarity that allows the work to 
be held to a higher standard of rigour. Through a focus on argumentation the 
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quality of rigour required for meaningful engagement with scientific work is 
easier to access. In addition, the scientific research and theory is positioned for 
the reader within film theory to allow theoretical and critical engagement with 
that work. 
 
When theorising about film it is impossible to say anything without creating 
premises on some level. These premises can be epistemological, ethical, 
methodological or philosophical in nature and play an important role in 
interpreting and understanding a theorist’s conception of a problem of film and 
their addition to the field. Many premises are irrelevant or unnecessary in 
developing individual arguments and can remain unstated. Instead, premises that 
are important to a reader’s conception of a theory, as well as those fundamental 
to the work’s argument, must be asserted. This allows the work to engage with 
theoretical discussion of film, whilst also incorporating scientific research, 
theories and methods. The foundational premises of a theory are necessary 
components to the conclusions made. To incorporate scientific work within film 
theorising requires a belief in the accuracy of the scientific theories presented. As 
such, the theoretical work that is based on the accuracy of described scientific 
work must be re-evaluated or justified if and when those theories are shown to 
no longer best describe the phenomena.  
 
A theory that has well reasoned and justified premises will produce a stronger 
argument when placed in competition with a theory that makes no attempt to 
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outline its own premises, or presents no justification or reasoning behind them. 
Premises can be falsifiable or unfalsifiable, but giving readers the opportunity to 
critically evaluate the argument in its entirety allows for greater transparency in 
analysing and evaluating that theory. 
 
To demonstrate how the assertion of intentions and premises may improve a 
work of theory’s critical engagement, I will examine a work by cultural economist 
Timothy King (2007) on the effect film criticism has had on box office earnings. 
For the purposes of the paper, King focuses entirely on films released in the U.S. 
in 2003 for his data set. King argues that the advantages of using data from a 
single year outweigh the flaws in such a data set. Yet by limiting his research to a 
single year and country, it is possible that King misses relevant information to 
understanding the phenomena being examined. It is also possible that, with all 
the data coming from the same year any irregularities or abnormal components 
of the phenomena will be overemphasised in such a small-scale study. King’s 
work assumes that the benefits in using a single year of data will outweigh the 
negatives of the approach and that the data will still be valid and significant. He 
justifies this decision by arguing that using data from a single year “avoids the 
problem of potential selection bias in the choice of film and the difficulty of 
making price adjustment to reflect the major economic and technological 
changes that have affected the film industry in recent years” (King, 2007, pp. 
172). Readers have the ability to judge his argument and evaluate whether his 
justifications support or undermine the importance of his conclusions. He 
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presents the benefits and weaknesses of this method and attempts to convince 
the reader that his choice is the most appropriate. By presenting a strong 
argument for the decisions behind his work, King is engaging with the theoretical 
concerns of the field. With a high level of commitment to argument, a theory can 
engage with a range of theoretical concerns and enter into discussion with other 
work from within the field. 
 
In Laura Mulvey’s Visual Pleasure and Narrative Cinema she writes, “it is said that 
analysing pleasure, or beauty, destroys it. That is the intention of this article” 
(Mulvey, 1975, pp. 7). Mulvey makes no attempt to justify this premise or 
provide evidence to support the claim, and thus the crux of her argument 
appears somewhat dubious. In Mulvey’s defence, she clearly states both her 
premise and intent, which gives the reader the opportunity to consider them. In 
addition, an alignment with or acceptance of Mulvey’s premise is not a 
prerequisite for the fulfilment of her intended purpose for the article. Her intent 
is not to provide a theory of film but rather to instil a change in the way viewers 
receive film content by destroying the pleasure of a particular gaze. The success 
of such a piece is not contingent upon the arguments made throughout the work 
but on the effect it has had on responders and the provocation of further 
discussion of issues relevant to Mulvey’s social concerns. In this way Mulvey’s 
work may have been successful.6 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
6 It may be quite interesting, though outside the scope of this thesis, to attempt to 
answer the question as to how successful Mulvey was in her goal within Visual Pleasure 
and Narrative Cinema. This may be assessable through empirical means by looking at 
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Premises and intentions must be stated in all scientific work and are necessary 
components of maintaining the standards of rigour that the field demands. 
Works must define the purpose and intent of the method they utilise so that they 
may be critically evaluated for their efficacy in investigating a particular 
phenomenon. In the same way, the premises regarding methodological approach 
must be made clear. If, for example, an experiment attempted to examine a 
phenomenon by simulating it within a lab environment, the work would have to 
assume or justify the relationship between simulated and real world experiences. 
If running a simulation of an event to study a particular phenomenon requires 
the assumption that, under such circumstances, subjects will respond with no 
significant difference than to the real situation then this assumption must be 
tested and proven. This can be of great significance as an unchecked premise, or 
can be a tested and proven justified premise. 
 
It is important to note that through experimentation and observation premises 
can be justified and supported. By utilising scientific research and providing 
evidence of similar situations and their outcomes, film theorists have a greater 
ability to justify the foundational premises involved in their theories. A number 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
shifts in critical and social reception of films at the time or in the types of films being 
made in the West following the academic response to Mulvey’s work. The methods 
outlined in this thesis are aimed at supporting attempts to answers questions such as 
these by utilising empirical analysis. 
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of theories throughout history have assumed a passive film viewer,7 however 
contemporary scientific research on the topic has demonstrated active 
engagement on conceptual, perceptual and emotional levels.8 Premises are a 
crucial component in theorising about film and utilising scientific research allows 
us to justify premises as well reasoned and supported.  
 
It is equally as important that a theorist asserts their intentions within their 
theoretical work. The way an argument is evaluated and the way evidence is 
understood relies upon the way the argument is framed by the intent of the 
theorist. For the purpose of incorporating scientific work and film theory there 
should be a focus on strong argumentation, which starts with transparency about 
the premises and intentions upon which the argument is founded. Critical 
evaluation of argument will allow theories to develop and avoid pitfalls of 
unfounded or deceptive claims. A statement of intent frames the work in a 
theoretical field and outlines how an argument will proceed and by what 
measures it will be evaluated. By ensuring that theoretical work includes a clear 
statement of premises and intentions, standards of rigour improve and the ability 
for film theory to engage with scientific research becomes more forthright as the 
methodologies converge on this point. This purpose is served somewhat by the 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 Althusser’s (1971) theorisation of ideological state apparatuses assumes a passive and 
receptive viewer. 
8 Interestingly Ohad Landesman (2008) has used fMRI scans to evaluate the extent to 
which films produce the same response across an audience (inter subject correlation). 
This study looks to examine to what extent different films do produce similar brain 
responses among an audience and what role structure and editing play in this process. 
While this research could be interpreted as in support of a theorisation of viewers as 
passive it is better seen as an analysis of the ways in which viewers are subject to the 
influence of film, which is by no means all encompassing. 
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inclusion of abstracts in published theoretical works, however having an abstract 
is not a guarantee of these qualities. 
 
2.7 Engage with fields of theory relevant to the aspect of film being 
investigated 
 
Questions of film present opportunities for interesting research in a range of 
disciplines. Film theorists9 and cognitive psychologists can both be interested in 
the way attention is guided around the screen during a film. The way different 
social groups are presented in film is important to the study of media and society 
for sociologists and film theorists alike. There are a wide range of disciplines that 
have reason to investigate film from their own methodological approach that can 
produce valuable resources for film theorists to engage with. By remaining aware 
of the research completed in these fields, especially research that directly 
addresses the experience of film, film theorists have the potential to apply this 
knowledge in innovative ways. Further discussion of these prospective gains is 
detailed in the seventh chapter of this thesis. 
 
Before the aforementioned research can be employed within film theory, a basic 
understanding of the process and the reasoning behind the work is required. By 
applying their own expertise, film theorists may be able to offer critical support 
to improve or address methodological choices within work from other 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 Including Barbara Anderson, David Bordwell, Todd Berliner and Torben Grodal 
among others. 
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disciplines. Without a basic understanding of the methodological practices within 
a field it is difficult to address any potential concerns about that practice. 
Understanding methodological choices within work becomes crucial when 
attempting to gauge the applicability of such research in a broader context. 
Theorists within film may be best poised to posit unaddressed confounds in 
experimental research or offer unique interpretations of new research.  
 
One of the important contributions that other disciplines may have to offer film 
theory is an array of evidence and knowledge on how different physiological 
processes work. Discussions of film that incorporates descriptions of 
physiological processes are currently being developed, providing new insight into 
our experience of the medium. Film theory can benefit greatly when supported 
by scientific explanations or evidence that can describe the experience of 
individuals as well as the broader social experience of a film. Work that addresses 
the mechanisms utilised by a film to achieve an effect on an individual or group, 
or the physiological impact of film, are better able to provide answers to 
questions on the experience of film. For example, a recent experimental study 
found that smokers stimulate the same region of the brain when viewing 
smoking in a popular feature film (Wagner, Cin, Sargent, Kelley, & Heatherton, 
2011). What other automatic habits may be activated by perception in film? And 
what effect may these engagements have on viewers? Only by including 
discussion of existing theories of physiological processes can we explore the 
 35	  
broader applications of these mechanics of film and better understand what 
effect they will have on a broader audience.  
 
Looking at the physiological processes involved in perceiving film, Todd 
Berliner, a professor of film studies, and Dale Cohen, a professor of cognitive 
psychology, examine classical editing in film. The work proposes that “classical 
editing devices exploit and accommodate the cognitive processes people use to 
perceive the physical world” (Berliner & Cohen, 2011, pp. 44).10 Berliner and 
Cohen base their work on a theory of perception as “constructive” (Rock, 1997), 
whereby the “perceptual system builds models of the world by proposing and 
testing hypotheses based on sensory input” (Berliner & Cohen, 2011, pp. 45). 
The essay functions within an interdisciplinary space by drawing on theories of 
film and editing from within film studies, as well as theories of cognition from 
psychology. The work of Bordwell, Staiger, and Thompson (1988) helped shape 
Berliner and Cohen’s conception of film and classical editing, allowing them to 
apply models of perception to the experience of film.11 Their work builds an 
argument for a particular relationship between classical editing and cognitive 
processes by demonstrating this relationship, drawing on illustrative examples 
from the cinema and from experiments conducted in cognitive psychology. By 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 Interestingly, Hugo Munsterberg (1916) proposed that technical qualities of film were 
external reproductions of mental processes. While his specific examples have not been 
substantiated the idea that technical qualities like editing may evolve to best engage our 
perceptual system appears to have some strong support in the article by Berliner and 
Cohen.  
11 This includes inattentional and change blindness, unconscious inference processing 
and modelling, and active perception. Some of these theories or their components are 
addressed in greater depth later in the thesis. 
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actively seeking to employ theories from a number of relevant fields of study, this 
work by Berliner and Cohen stands as a key demonstration of the potential for 
future theorising on the experience of film. 
 
2.8 Understand how film may be engaged as a non-quantifiable object 
 
For an object of study such as film, or the individual’s experience of film, the 
same kinds of measurable quantities one would find in the hard sciences do not 
seem apparent. The width of a movie cannot be measured, but the width of the 
projected image can, as can the width of the film it was recorded on and the 
width of the blind spot in the retina. Distinguishing quantifiable measures in film 
is necessary to allow a scientific mode of inquiry, and can also outline the way in 
which a problem will be addressed. Film exists as a social, cultural and aesthetic 
object, experience and event. In each of these frames there are a number of ways 
that film can be examined empirically and different measures can be utilised to 
better understand any particular phenomenon. 
 
When studying film as object, it is possible to measure the number of scenes or 
shots, the predominance of certain colours and the split between genders in 
certain narrative roles. In studying the experience of film, the space, the physical 
response of viewers, and the physiology of the perceptual system all make for 
valuable measures depending on the intention of the study. In studying the effect 
of film, one can measure the occurrence of a particular technique, a change in 
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social behaviour based on crime statistics or birth rates, or a change in the 
cultural lexicon measured through samples of writing. There are countless 
measures available for the empirical examination of film, however the 
effectiveness of each measure in answering certain question about film must be 
examined and assessed critically. Understanding the limitations of empirical work 
is important in balancing a theoretical engagement with both scientific research 
and film theory. 
 
Fields of scientific enquiry regularly face problems of individual and unique 
subjects that the research must firstly be sensitive towards and subsequently 
develop practices and processes to best address problems that arise. As empirical 
research on film grows, a clearer picture of the efficacy of different quantifiable 
measures will emerge. Further, empirical data can be built upon creating larger 
and larger sets to work with, moving theories of film towards a more accurate 
explanation of whatever processes are being examined. Scientific research has 
such potential to provide insight into problems of film and as such the empirical 
means by which film is being examined must be understood. 
 
2.9 Interpretation/criticism of individual films must be used cautiously 
 
While overlaps exist, film theory is not the same as film criticism. 
Film criticism's main concerns are the explication and evaluation of 
specific works. In contrast, film theory employs a diverse host of 
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works to identify and elaborate general principles "to formulate," in 
Dudley Andrew's words, "a schematic notion of the capacity of 
film."(Small, 1992, pp. 166). 
 
To develop robust theories of films requires an explanation that can account for 
a number of changes to the components of the phenomenon it seeks to explain. 
This requires evidence and argument to discuss ideas that are representative of 
the experience being explored and examined. One specific way in which film 
theorising employs evidence is through the analysis of individual films, however 
this practice must remain sensitive to the limits of such work. 
 
David Bordwell in his essay Common Sense + Film Theory = Common-Sense Film 
Theory? offers a defense of the use of film interpretation in theorising. He 
suggests that film theorists involved in psychoanalysis, cultural studies and neo-
Marxism focused primarily on “how social, cultural, and psychodynamic 
processes were represented in film” (Bordwell, 2011). He goes on to suggest 
these questions could be answered by the interpretation of individual films, as the 
evidence for such arguments exists predominantly within the texts themselves. 
Film interpretation can be utilised as a theoretical tool when analysing 
representation or formal qualities of particular films, but doing so requires 
further justification before the evidence acquired from the analysis of an 
individual film can be applied to a more general theory of film that meets the 
standards of rigour outlined above. 
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Whereas the film/video critic wants to understand a given work, the 
theoretician wants to understand that understanding. While, for 
critics, a given methodology is a means to an hermeneutic and/or 
evaluative end, a cognitivist film theory rather employs a given work 
as the means to answer larger (and really quite ancient) problems of 
human mentation and perception. And, always, the endeavor must 
remain open to scientific corroboration or rejection.(Small, 1992, pp. 
167) 
 
Edward Small’s description of the method of a cognitive film theory is similar to 
my own conception of film theorising, in respect to engagement with individual 
films. It is open to scientific work and utilises empirical evidence from the film 
object to answer questions about the experience of film, “problems of human 
mentation and perception.” I do, however, take issue with the idea that these 
problems are somehow “larger (and really quite ancient)”, relative to those 
addressed by critics. These problems are different, and approached by different 
methods, but can only be said to underpin some of the problems explored in film 
criticism. Theory can support interpretative claims made by critics on the 
experience of a particular film, and can seek to explain the process behind the 
experience being observed and described by critics. 
 
It is clear that what can be said of one film cannot be said of all films. It becomes 
 40	  
harder to intuit how many films or how many occurrences of an event constitute 
an observable phenomenon. Fields such as economics and psychology regularly 
deal with these questions and have developed methods to account for a wide 
array of sampling biases, for example, collecting a sufficiently large and diverse 
sample set. Descriptions of film techniques could be more robust and rigorous 
when developed from an unbiased sample of films. By observing a number of 
instances of a technique it may be possible to accurately determine the confines 
and the context in which that technique operates, and more importantly, provide 
insight into its relation to the experience of film. 
 
When investigating problems of film the observation of singular instances of 
occurrence must be viewed with moderate scepticism. For this reason, when 
attempting to utilise scientific methodology in theorising on film, it is necessary 
to look at a wide and representative range of films relevant to the phenomena 
being examined. As there are tens of thousands of films made each year it is 
possible to examine a substantial set of films when examining even the most 
niche of film experiences.  One of the goals of my own theoretical practice is to 
develop theories of the experience of film based on strong evidence, such as that 
drawn from a substantial and representative data set of films. If a particular 
phenomena in film is noticed consistently over hundreds or thousands of films it 
provides strong justification for a theoretical argument built upon that evidence, 
and can support a wide range of theoretical purposes.  
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2.10 A functional approach to science informing film theorising 
 
In this chapter I have outlined the methodological values and goals I hold for 
theoretical work within film that utilises scientific research. For me, the principal 
goal of film theory that does engage with scientific work must be to improve our 
understanding of the empirical components of the experience of film. By 
developing theories with strong argumentation and including a broad range of 
fields relevant to the study of film, it is possible to discover new and inventive 
ways of understanding how viewers experience film. From the cinema to a 
general cultural consciousness, theories of film informed by scientific research 
have great potential for real world application. The development of robust 
theories that intend to assess and apply conclusions is made possible with a 
methodological practice to support this work. 
 
Some such practices are outlined in the third chapter, detailing a functional 
approach to the aforementioned goals for theorising on film. By setting 
intentions and premises of theoretical work at the forefront of an argument, the 
work can be more readily engaged in and understood in the appropriate context. 
Incorporating research from a variety of fields allows for better informed 
theories that can account for a wider range of phenomena, providing film 
theorists with new and unique perspectives on the experience of film. By 
conceiving film as a cultural and social object that can, in part, be the subject of 
scientific inquiry, there is potential for advances in understanding film in a wider 
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context. The construction of theories of the experience of film requires 
sensitivity to a diverse sample set and to the statistical significance of findings. 
That is to say, an instance of a particular phenomenon being observed in a film 
or films is only useful insofar as it is representative of a broader experience of 
film. By employing the above practices, the incorporation of scientific work into 
the film theorising process becomes viable. 
 
In the following chapter I will extend the discussion of the practical applications 
and methodological approaches to engaging scientific research. The chapter will 
look at how a film theorist may engage with scientific work without needing to 
be an expert within that field. I will also detail several areas that theorists must 
have foundational knowledge in to properly employ the aforementioned practices 
and to meaningfully engage with scientific material. 
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3. Prerequisites to engaging science and a case study of methodological 
approach 
 
In this chapter I will both detail the ways that non-scientists are able to engage 
with scientific research and make meaningful and informed applications and 
criticisms of such research. In addition, I intend to provide an outline of 
methodological practices that may be employed to improve the standards of 
rigour of work that does engage scientific research. The hope is that providing 
non-scientists with the simple tools required to meaningfully engage with science 
will broaden the research field, resulting in significant potential for progress and 
development in the field. 
 
Film theorists are not scientists, nor should they try to be, but this need not 
preclude them from engaging with theories and observations made within 
scientific disciplines. Many professions benefit from an understanding and 
engagement with scientific work by the individual to most effectively pursue their 
goals. Directors regularly utilise an understanding of attention, how it is drawn to 
certain parts of the screen and for how long it can reasonably be held on a single 
item to produce their films. Editors rely on an understanding of pacing as to how 
quickly or slowly something can be cut while remaining meaningful. These 
understandings are primarily intuitive, learned from extensive experience both as 
a viewer and creator, but the processes they engage with can and have been 
studied within the sciences and may be examined to help illuminate how films are 
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experienced. For the purpose of my own theoretical practice and goals it is 
necessary to understand certain fundamentals about scientific work and to engage 
with them in a meaningful way.  
 
While some theorists, such as Peter Wuss, David Bordwell, Carl Plantinga, and 
Murray Smith, have discussed at length the broad merits of utilising scientific 
research in the development of theories of film, most have focused on providing 
a pathway for these methods by placing them in comparison with pre-existing 
theories of film.12 This chapter aims to build upon that work by stating why we 
should utilise scientific research. I aim to describe the particular processes 
involved in a film theorist’s critical engagement with such research without their 
being required to have expertise within the field that research has been produced.  
 
As scientists primarily write to an assumed audience, it is possible that without 
properly contextualising the work any engagement may misinterpret what is 
being represented. Scientific research presents a theory as a best fit for the data 
collected when observing a phenomenon. In most cases, authors are very good at 
clearly articulating this quality of their work. However, in some cases, because the 
authors are writing for experts within their field, they will assume this knowledge 
in their readers and may not take such care as to emphasise that their conclusions 
are theories that are supported by the evidence, as opposed to proven or 
established cases. Having a familiarity with the way findings and theories are 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12 The most clear cut example being Post Theory: Reconstructing Film Studies (Bordwell & 
Carroll, 1996). 
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presented within a scientific context allows for a more meaningful and 
productive engagement with the work. 
 
Scientific research is conducted by adhering to the scientific method. Scientists 
utilise observation, correlation and experimentation to develop descriptions, 
predictions and explanations of particular phenomena. Just as in any other field, 
scientists use observations of the world based upon their pre-existing knowledge 
to describe a particular phenomenon. They then look for a correlation between 
the objects in their focus and make a prediction about what would happen under 
certain circumstances. Finally, they run an experiment to test the validity of this 
prediction and to learn in more detail what factors affect the phenomenon being 
observed. From the data they yield through the experiment, the scientists develop 
a theory of how the objects work in relation to each other and offer it as a 
possible explanation for the observed phenomenon. 
 
In a rigorous discussion or conclusion of a paper the author will reiterate the 
context in which their theories are made and justified. The words “suggests”, 
“leads to” and “supports” appear regularly as indicators that what is being 
presented is merely a theoretical stance based on the existing data and 
experimental evidence. One paper on scene perception concludes:  
 
thus, we believe that the functional isolation model currently 
provides the best explanation of the relation between scene 
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knowledge and object identification. This conclusion must be viewed 
as preliminary, however, given the relatively small set of studies that 
have investigated object identification in scenes. (Henderson & 
Hollingworth, 1999, pp. 267-268).  
 
Scientific research must be presented with caution and emphasis must be given 
to the fact that it is the best available explanation or interpretation of a 
phenomenon given existing evidence. 
 
By seeing scientific research as theory grounded in evidence, it becomes a lot 
clearer as to how a non-scientist may incorporate and engage with it on a 
theoretical level. Doing so requires a critical engagement with methodology, data 
and theory as separate entities, requiring a unique critical approach to each. If an 
experiment’s methodological practices are flawed, the value of the data as a tool 
for understanding a phenomenon is called into question. If the methodological 
practices are sound then the data still has value, even if the theory offered as an 
explanation of that data does not best account for the phenomenon. It is possible 
to engage with a large amount of scientific work critically without the need for 
expertise in the field. By becoming familiar with how methodology, data and 
theory act in scientific research, these tools may best be employed to understand 
the experience of film. 
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3.1 How to think about science and scientific work 
 
In his paper Does film criticism affect box office earnings?, King (2007) looks closely at 
the critical reception and gross revenue of films within the U.S. in 2003. He 
draws on existing data compiled by the review aggregating websites Metacritic and 
Rotten Tomato, but not without first evaluating the methodologies of each of the 
sites to justify the validity of the use of their data in his research. He searches for 
a correlation between the gross revenue of films and their Metacritic rating but is 
surprised to find no such correlation, even when including two outliers that 
greatly inflate the likelihood of finding a positive correlation. At this point he 
employs a range of different methods to evaluate hypotheses aimed at explaining 
the phenomenon he has observed. King’s method involves a large amount of 
interpretation of social and cultural events to guide his approach in investigating 
the problem. At no point can he simply explain the phenomenon in front of him 
by running the numbers through a simple equation. 
 
King dismisses the hypothesis that the data is being manipulated by a practice of 
“drowning out” (King, 2007, pp. 174) - whereby a studio will spend large 
amounts of money early on in a film’s release to respond to poor critical ratings - 
by showing the practice to be ineffective and an unlikely course of action for 
studios. He then looks for possible divergences between the opinions of film 
critics and of average moviegoers. He analyses differences between groups such 
as age as well as social and cultural factors without any significant findings. 
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Finally he finds a strong divergence in opinions of moviegoers and critics in close 
analysis of limited release films. Films shown on a large number of screens (1000 
or more) did seem to show a positive correlation between box office earnings 
and critical reception, even when attempting to account for budget and spending 
on advertising. Films shown on less than 1000 screens appeared to show a large 
disparity between critical reception and box office earnings (the box office 
earnings being far below expectations of critical reception). 
 
King concludes: 
 
the main reason for this lack of correlation is that critics like certain 
types of films especially foreign movies and documentaries, more 
than the public as a whole. Even with respect to movies made in the 
U.S., critics give higher average ratings to those that receive a limited 
distribution than to those receiving a wide release. Within this 
category, critical ratings have some influence on gross earnings, but 
there is little likelihood that even excellent reviews will propel a 
movie into wide distribution. (King, 2007, pp. 185). 
 
While the actual conclusions of King’s work are of little relevance to the 
discussion at hand, the methodology he utilises to come to his conclusion is 
precisely what I am advocating for use within film theory and bears a closer look. 
While King has a great deal of numbers with which to justify his conclusions, he 
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still relies heavily on an interpretative process in that he is drawing on his own 
knowledge of the cultural phenomenon. He argues “of all the arts, critics might 
be expected to have their greatest impact on movie audiences” (King, 2007, pp. 
185). He bases this claim on a range of points including the size and taste of the 
U.S. film audience, the ability of reviews to inform audiences prior to ticket 
purchase, and the large number of critics which limits the effectiveness of any 
sort of bribery or bias that would incentivise manipulating audiences. His 
methodology in this essay involves the interpretation of a phenomenon to 
develop hypotheses that can be used to test and analyse said phenomenon. Then 
from the acquired data, a researcher once again must apply social and cultural 
knowledge to their data to produce a theory as explanation for the phenomenon. 
That theory is then open to criticism and debate, and placed in competition with 
other existing explanations for the observed phenomenon. 
 
This research accounts for a range of different methods in producing what can 
be considered critical reception of a film. It accounts for social and cultural 
differences between film audiences as well as audiences compared to film critics, 
while also accounting for the difference in age between the average moviegoer 
and film critics. To account for these variables, King had to apply statistical 
models as well as his own knowledge of the phenomenon to develop his theory 
of how film criticism affects box office earnings in the U.S. By utilising 
knowledge of cultural and social factors and by testing and justifying his theories 
with empirical evidence King was able to describe a component of film, 
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providing new insight into film criticism and theatre attendance. 
 
It can sometimes be difficult to see the broader applications of research such as 
that by Timothy King. What use is a theory of how film criticism affects box 
office earnings to film theorists? Firstly, his theory could be tested for 
robustness. Would we expect to find similar results when looking at other 
countries, or is the U.S unique in the relationship between its film critics and 
filmgoers? By developing theories of what factors influence audiences to see 
films we can better understand audience expectations and experiences. By 
distinguishing when and how critical reception affects different films (i.e. under 
what circumstances will a critically acclaimed film be financially successful?), we 
can better understand the film market and possibly gain insight as to how 
audiences select films. 
 
By approaching scientific work as a set of theories based on empirical evidence it 
becomes clear how to critique those conclusions and evaluate the work on 
theoretical grounds, however it still remains difficult to critique on scientific 
grounds. There are two primary criteria for evaluating theories within science. 
These are precision and testability (Popper, 1934). Precision refers to how 
reliable the data is in terms of capturing the observed effect. Measurements of 
temperature, length, weight etc. (quantities) are more precise than something 
measured in reported feelings or attitudes (qualities).13 Testability refers to how 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
13 Measures of film will be discussed in greater depth later in this chapter. 
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directly a theory can be tested. While a theory about physical properties of the 
natural world can be simple to test, theories about personal experiences are much 
more difficult to test and to demonstrate through experimentation. For film 
theorists, these tools are difficult to properly apply without more expertise and 
training that is not and should not be expected of them. 
 
Film theorists have much to offer in gaining a better understanding of the 
experience of film. Malcolm Turvey writes:  
 
we have to use our expertise—gained from watching large numbers 
of films, observing them and the response of viewers to them 
carefully, and learning about the contexts in which they were made 
and exhibited—to evaluate the theories we take from other 
disciplines in terms of whether they successfully explain (or not) film. 
(Turvey, 2007, pp. 1XX). 
 
I would go one step further, and assert that in saying we evaluate and incorporate 
theories relevant to film into our theorising about film. While research into the 
perceptual system may make no reference to our experience of films, the 
conclusions it draws may have broad applications to our understanding of them. 
We must be aware of this fact and look to apply theoretical claims from science 
to our own knowledge about the experience of film in order to produce better 
theories. 
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There are three primary categories of scientific and empirical research that 
require close analysis in order for us to understand the ways in which film 
theorists can engage with them. First is scientific research on or about film, being 
scientific research that is directly trying to understand or explain some problem 
of film through experimental research. Second is scientific research with 
implications for our understanding of film, being scientific research that, while 
not directly focusing on film, has broader implications that can change the way 
we understand certain film phenomena. Finally, there is empirical film research, 
being empirical research that collects information about individual films ranging 
from historical, sociological, contextual, content based or formalistic qualities. 
Scientific research on film would include research done on the experience of 
film, such as psychological studies of the effects of watching horror films. 
Scientific research that has implications for our understanding of film may 
include such research as studies into the perceptual system or into how 
individuals act in social spaces. Empirical research on film may inform claims 
about formal qualities of film, describing pace, lighting, character relationships, 
etc. to build theories upon. 
 
3.2 How to critically challenge scientific work 
 
In order to engage with scientific research into problems of film, we return to the 
three elements that produce the researchers’ arguments. These are methodology, 
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evidence and theory. In the case of research directly into a problem of film, film 
theorists are positioned to make informed criticisms about each of the three 
elements and engage with the work in constructive ways. Challenges can be made 
to research based on the way that different problems have been approach and the 
solutions offered by that work. 
 
It is possible to challenge empirical evidence on the basis of improper 
methodological practice. This critique should, wherever possible, use other 
scientific research to back up claims that suggest the methodologies employed 
may produce biased data. For research on film, film theorists are capable of 
discerning dubious and insensitive claims that may lead to sets of data that do not 
properly explain the investigate phenomenon. The seventh chapter will examine 
instances where film is used in experiments as an experimental stimulus. In such 
cases, the methodological practice commonly contains premises about film that 
require close analysis and further scrutiny before being accepted as a general 
mode of practice. 
 
What might such a challenge look like? How would a film theorist go about 
challenging the methodology of a particular scientific investigation? In the 
aforementioned research by Timothy King, if he had not applied certain 
measures to address the age difference in the average film viewer with the 
average film critic there would be solid grounds upon which to challenge his 
methodological approach. Any piece of scientific research that omits an 
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important variable will likely lead to skewed or incorrect data. This, however, is 
not to say that any unaccounted for variable can be offered as refutation for any 
scientific contribution. Not all variables are relevant or significant to the study of 
particular problems of film. It falls to the critic of a particular piece of research to 
demonstrate why an unaccounted for factor is a necessary component to 
understanding the problem. 
 
For instance, while there are wide ranges of social or cultural factors that may 
impact on how film is engaged, these factors may be insignificant to the 
particular phenomena being observed within an experiment. This significance is 
determined by an objective statistical measure known as “statistical significance”. 
Statistical significance is the evaluation of how likely it is that the observed 
phenomenon has occurred as part of a pattern as opposed to by chance. The 
intention is to determine whether or not the inclusion or exclusion of a particular 
factor has a predictable effect on the experimental results. One way of 
eliminating or minimising the effect of the variability between individuals is to 
utilise a large enough sample size, such that individual differences no longer play 
a significant role in shaping the results and can therefore possibly be eliminated 
as explanations for the observed phenomenon. In summary, film theorists are 
able to contribute to scientific research on film by addressing the methodological 
grounds used to examine film and by posing challenges in the form of significant 
variables. While scientific research does not have to account for every possible 
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variable that could influence experimental results, it must account for all 
statistically significant ones. 
 
One of the great benefits of the scientific method is that if the methodological 
practice utilised for a particular investigation of film is sound, the evidence 
collected will be valuable in a broad range of contexts. While there can be further 
challenges as to the interpretation and utilisation of the data, if the methodology 
used to collect it is sound then it is a contribution that can be re-evaluated and 
built upon by countless theorists. This is also to say that if there is no fault to be 
found in the methodology in a particular instance of scientific research, any 
challenges must accept the data as evidence of the phenomenon and account for 
it in their own challenge to the work’s theoretical conclusions. 
 
This brings us to the second way in which film theorists can challenge scientific 
research into problems of film, which is to challenge the interpretation of the 
data given in the paper. This can range from simply having concerns about some 
of the claims made in the discussion of the data to an outright dismissal of the 
theoretical framework that the researcher has built or employed in order to 
account for what they have observed. Film theorists have a great deal of 
experience to draw upon, which allows them certain insights into how best to 
engage film methodologically. If it can be agreed that the methodological 
approach taken by a researcher is sound, and that the data produced is valid, then 
the data can be viewed as empirical evidence. Whether or not a researcher agrees 
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with the conclusions another researcher comes to about a particular film problem 
is irrelevant to the judgement of the value that the empirical evidence provides. 
 
This can be seen clearly when a mistake has been made in attributing causation 
due to a correlation between two variables. For example, in King’s sample of 
films from 2003, Finding Nemo(2003) and Lord of the Rings: Return of the King (2003) 
were the two highest earning films of the year, as well as the two highest rated 
films on Metacritic that year (King, 2007, pp. 177). If from this King were to 
conclude that because the top earning films also earned the top critical ratings, 
one can be said to have caused the other.  To claim so would not be an empirical 
statement but a theory, supported by an interpretation of the evidence. While this 
is not an accurate description of the phenomenon, as King goes on to find little 
correlation between critical reception and box office earnings, it does illustrate a 
case in which the conclusions of research may be challenged while the evidence 
remains accurate. The evidence used in research is independent from any 
constructed theory and may still be useful even if a particular theory that uses 
that evidence is not. In this way, evidence collected within science can be 
incredibly valuable to theorising on film, and should not be dismissed because of 
disproven or mistaken interpretations of that evidence. 
 
Scientific research can be challenged based on the interpretation of evidence. If 
there are no grounds on which to challenge the methodological practice under 
which the evidence was collected, then that evidence is sound and should be 
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useful to film theorists. If the researcher has drawn conclusions from the 
evidence that are weak or easily contradicted these concerns can be outlined and 
an argument made against those interpretations. By providing alternative 
explanations for the phenomenon being examined a theorist may challenge the 
credence given to the researcher’s theory through argumentation. An argument 
against a researcher’s conclusion that cannot account for the observed 
phenomenon has little value as a competing theory. 
 
Finally, a theorist can challenge the conclusions of a researcher based on errors 
of extrapolation and generalisation. Certain phenomena may be particular to the 
conditions that created them, while others may occur in a much broader variety 
of contexts. The applicability of a theory to general practices of film requires a 
philosophical evaluation of the experience of the phenomenon in tested and 
untested situations, and calls for further research to falsify or justify the theory in 
these alternative conditions. 
 
With the means to challenge the claims made by scientific work there is an 
opportunity for serious critical engagement between the two fields. In order to 
further extend the possibilities of this engagement, a clear understanding of 
qualitative/quantitative measures and grounding in core statistical methods 
should be included. The following section aims to provide a background into 
these concepts and elucidate their importance to empirical work on film. 
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3.3 Engaging evidence and quantitative/qualitative data 
 
Qualitative and quantitative measures are applied throughout empirical research 
and interpreting these measurements requires an engagement with how they are 
created. In an experimental case, quantitative data refers to quantities, being 
numerical values that are tabulated or recorded within that experiment. 
Qualitative data refers to a description of the quality of an object or 
phenomenon. When looking at film there are a number of qualitative and 
quantitative measurements that can be made. Quantitative measures include the 
duration of a film, the number of cuts, the size of the image, the number of 
people viewing the film together and their distance from the screen. Qualitative 
measures include the feeling viewers have about the film, the comfort of the 
seats, viewers’ expectations going in to the film, and the favourability of viewing 
conditions. The terms can become confused, as they can interact with each other 
within experiments. For example, it is possible to produce quantitative data from 
qualitative measures by observing the number of people who reported feeling a 
particular way about a film. It is also possible to produce qualitative data from 
quantitative measures, such as if one was to describe a film as good or bad based 
on a majority percentage of the viewers opinion of the film. For this reason it is 
important to remain aware of how evidence is collected and presented and what 
implications that process has on the conclusions being drawn within a work. 
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As film has both quantitative and qualitative measures, the variables involved in 
utilising film can be extended across both forms of measurement. Matisyohu 
Weisenberg tested how film could be used to diminish viewers’ perceived pain 
through the manipulation of mood, using viewer reports of mood and film 
duration as variables within the experiment (Weisenberg, Raz, &Hener, 1998). 
Subjects were shown a film to induce a particular mood (qualitative measures; 
happy, sad, neutral14) of one of three lengths (quantitative measures; 15min, 
30min, 45min). Their perceived levels of pain were tested by placing a hand into 
circulated water in an immersion cooler held at 1 degree Fahrenheit and checked 
at three different intervals (before viewing the film, immediately after and again 
30 minutes later). The film that induced a happy response was the most effective 
at reducing pain perception, however during the test immediately after the film 
the particular medium and mood showed no significant benefit over other simple 
distracters. This conclusion is based on an analysis of the qualitative data in 
quantitative form (number of people reporting lower feelings of pain after the 
happiness inducing film). It was only after the 30-minute gap after viewing the 
film that the happy film showed a significant advantage. There was also benefit 
based on the length of the film. Regardless of the mood induced, longer periods 
of viewing film showed significant reductions in perceived pain - again, only after 
the 30-minute gap.  
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
14 These qualities were ascribed to the film stimuli based on the responses of a panel of 
10 judges uniquely composed for each film and film length. The happy film was a 
comedy, the neutral film was a documentary on alligators, and the sad film was a film on 
the Holocaust. (Weisenberg et al. 1998, pp. 367). 
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It seems rather intuitive that pain perceptions would be lowered by inducing a 
positive mood in a subject and keeping their mind off the pain to come. Yet no 
such common sense explanation exists for the film length benefits. All three 
films produced a reduction in pain perception when their duration was 45 
minutes. Why should this be? Why would watching a sad film for a long amount 
of time offer greater protection from pain than a different distracter of similar 
length?  Why would a sad film of this length offer greater protection against pain 
than a happy film of shorter length? It could be that film offers a particular type 
of sensory stimulation that at certain levels of exposure causes a diminished pain 
perception. This could be examined further with a look at how our perceptual 
system is activated by films in general. It could also be that something significant 
occurs somewhere between 30 and 45 minutes. An individual may begin to 
become absorbed in the film during this period in such a significant way that it 
heightens their investment and engagement with the medium. This could be 
examined further with relation to theories of attention and emotional investment 
based on time spent with a particular item. Such findings could have incredibly 
broad applications and would offer insight into how we respond to and 
experience film and how the length of an individual viewing session affects that 
experience.  
 
Engaging with qualitative and quantitative measures allows for a clear 
understanding of how information is constructed and how film is used. In the 
above experiment, film is utilised - accounting for variability in mood (qualitative) 
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and duration (quantitative) - to produce an account of how film affects the 
perception of pain. The results are represented by how long a person was able to 
keep their hand submerged in painfully cold water (quantitative) and at what time 
in relation to the film (qualitative). Engaging with the concepts of qualitative and 
quantitative allows for more focus to be placed on how evidence is constructed 
and what it represents. This allows for efficacious applications of film within 
scientific research that can improve understanding of the experience of film. 
 
3.4 Statistical literacy 
 
Statistical literacy has a number of benefits to any attempt to study film. It 
provides the means to examine film and analyse empirical observations through 
an objective set of tests. Statistical measures can be used to assist in interpreting a 
set of data and can provide answers as to how or why a particular phenomenon is 
occurring. Statistical literacy also allows a stronger critical engagement with the 
evidence provided by work produced within scientific disciplines. Statistical 
methods allow one to test hypotheses within a numerical data set and produce 
robust theoretical conclusions. Statistical literacy is required in order to evaluate 
which methods should be applied to a particular raw data set, based on the intent 
of the work and the context that the information was created in. 
  
Statistical literacy requires an understanding of the differences between and 
applications of certain basic foundations of statistical analysis that are regularly 
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utilised in metric analysis of film (Tsivian, 1999a, 1999b). This could include 
proof of statistical significance, as mentioned earlier in the chapter, or 
determining a correlation between two different sets. Within current metric 
analysis of film there is a focus on the identification of an average shot length 
(ASL). Determining the average, or central tendency, of a data set is a simple 
statistical task, however there are several different measures used. These are 
mode, median and arithmetic mean. The measure applied to determine the 
average depends on what is being measured and the data set being analysed. The 
mean is the sum of all the values in a data set divided by the number of values. 
The median is the middle value from a data set. When all values within a set are 
placed in order, the median is the value halfway between all other values.15 
 
While the arithmetic mean is the most commonly used statistic for determining 
central tendency, there are many occasions where it will not accurately describe 
what is being observed by the data. For example, in a data set of 1, 2, 3, 4 and 5, 
the mean and median would both be 3. If another value was added that deviated 
from the rest of the data set, such as 99, the median increases to 3.5, while the 
mean increases to 57. The mean is susceptible to manipulation by extremely large 
or small values that deviate markedly from the rest of the sample (outliers). On 
the other hand, the median is quite resilient to such effects, and for this reason is 
a more robust statistic. For examining films with shots of significantly different 
lengths, the arithmetic mean may not be the best tool for analysing shot lengths. 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
15 If the total number of values is odd the median will be the middle value. If the total 
number of values is even the median will be the mean of the two middle values. 
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Here the median will provide a number more representative of the central 
tendency of the shot length. It may also be useful to compare films of similar 
median by the standard deviation and range of shot length in their data set. For 
these reasons, Nick Redfern (2004) argues fervently for the adoption of the 
median over the mean in almost all cases involving ASL. 
 
Focusing primarily on film shot length using a basic set of statistical tools can 
provide objective and rigorous answers to a number of questions about film. 
Charles O’Brien (2005) has used ASL among other factors to illuminate the 
differences between the historical US and German export models of film and the 
French domestic-market emphasis. In these cases the commercial organisation of 
films (export and domestic focused) showed significant effects on the style (and 
sound technology) used throughout popular film during the early 1930s. In “The 
Way Hollywood Tells It” Bordwell (2006) demonstrates that Hollywood films are 
cutting at an accelerated rate. He identifies an ASL range for Hollywood cinema 
in the 1960s and shows that the contemporary range is almost twice as fast. 
Similar work has been completed by Barry Salt (2009),who looks at the mean 
ASL of particular decades of cinema. 
 
In his paper Attention and the Evolution of Hollywood Film, James E. Cutting looks at 
how the distribution of shot lengths throughout a film relate to one another 
(Cutting, DeLong, &Nothelfer, 2010). Cutting looks at a number of films made 
between 1935 and 2005 and finds that over the years shots become “increasingly 
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clustered in packets of shots of similar length” (Cutting et al. 2010, pp. 442). He 
correlates this phenomenon with a form of spectral patterning known as 1/f, 
which, he suggests, “reflect[s] world structure and mental process” (Cutting et al. 
2010, pp. 440). Through statistical analysis of shot lengths he is able to establish 
the progression of Hollywood films towards a 1/f shot structure, which he 
suggests may reflect a progression towards the “wavering of attention” (Cutting 
et al. 2010, pp. 446) that, according to Cutting, shares a 1/f temporal structure. 
What other discoveries may be made possible through the use of statistical 
analysis of film metrics? The use of this objective and rigorous set of tools can be 
utilised to make new observations about film from existing or collected data sets, 
and may unveil important evidence relevant to the experience of film. 
 
3.5 Metric analysis of films 
 
There is a great deal that can be learnt about film by studying different qualities 
of film empirically. Studies of the average shot length in films, average scene 
length, colour schemes, presence or absence of certain film techniques, presence 
or absence of social events, relationships between characters, and others can 
provide incredible insight into how we experience different films and what effect 
different approaches and techniques have. Rather than having to rely on broad 
generalisations based upon individual or common beliefs, we can analyse how 
often, when and where certain qualities appear in films, how many films they 
appear in, how many people see these films and so on. Analysis of this kind of 
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empirical information would make it possible to develop theories about a range 
of filmic experiences and justify claims by pointing to the evidence. Rather than 
simply identifying examples of a certain phenomenon in two or three films, 
theorists would be able to chart the effect or the use of a technique across 
hundreds of thousands of films, and could thereby develop a theory that better 
represents the reality of the use of such a technique which could ultimately better 
predict the effect that such techniques can have. 
 
Machines cannot currently do the kind of research required to develop this vast 
body of information. While there is a limited range of software that can do this 
digitally and automatically, there are concerns about its accuracy and until such 
issues are further resolved the process requires a human viewer to recognise and 
identify techniques and to properly record all relevant information. It requires a 
viewer to keep record of time, character, emotional situation, and so on as our 
understanding of this data will rely upon these items context within the film. For 
these reasons, some readings will be quite subjective and will require multiple 
viewers to establish how to define a particular instance of a technique or quality. 
In fact, as our theories develop and as the collected data grows, the problematic 
instances from films that are difficult to define and require some level of 
subjective response can be better evaluated as to whether the film is intentionally 
ambiguous (as in the final shot of Inception 2010) or polarising (as with Capturing 
the Friedmans 2003), or look for possible clues as to why individuals may come to 
different conclusions about certain qualities. 
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In order for this kind of empirical research to provide fruitful developments in 
film theory, a certain process must be applied to ensure the information is seen as 
a part of something bigger. Theories of film that are based on the effect of a 
section of a film outside of its broader context, be that the entire film, the year or 
the social circumstances at the time, may miss important details that are needed 
in order to understand that experience of film. To capitalise on the potential of 
this work a methodology must be employed. By developing a hypothesis, looking 
for correlation, testing that hypothesis and developing a theory to account for the 
results, rigorous and collaborative work may be made possible.  
 
Care must be taken to retain the context of all the information collected. For 
example, two films with equivalent average shot length can have incredibly 
different pacing, so different measurements should also be explored. By 
examining the difference in the variance of each shot from the average shot 
length (measured by what is known as a standard deviation) or by distinguishing 
outliers (data that deviates noticeably from the rest of the sample), it becomes 
possible to properly compare two sets of data. The context of the pacing within 
the film is also important and can be analysed as well. As this process continues, 
the data gains sharper contextual components that shape theoretical engagement 
and discussion around it, improving our understanding of the film problem being 
investigated. 
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We currently have only very limited data sets. We have information on actors, 
directors, film length, location and year of filming, screenwriter, box office 
revenue, critical reception - but only a select few film theorists and film historians 
have compiled more thorough data sets that look at formal and content-based 
qualities. Thus far ASL has been the focus of most of this work. A linear timeline 
of shots and duration for every film would allow a slightly more diverse number 
of statistical measures to be applied and would make the data set more valuable. 
Further, while ASL has been the focus, the number of films of which data has 
been collected remains a tiny fraction of films made, and lacks clear outlines of 
procedural choices made by individuals creating the data.16 A data set of each 
individual shot length throughout an individual film, when expanded to a broad 
number of films from a diverse range of years and genres, would be an incredible 
tool for investigating the experience of film. For such a set to develop, clearer 
standards must be set for how to define cuts, and more engagement with the 
development of software may be required. 
 
An area that has not received as much attention, possibly entirely due to the 
difficulty in compiling such information, is the cataloguing of social interactions 
and their appearance or presentation in film. If we were to look at how films 
construct regular daily social interactions there would be great depth in the range 
of qualities, particularly between films produced in different eras and cultures. I 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
16 Fades to black, opening credit sequences, and irregular transitions can be particularly 
problematic in that there are not always clear enough standards for how they should be 
addressed. 
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believe looking at representations of social interactions in film is of particular 
value, as there may be certain physiological responses experienced by viewers 
that correspond with different types of interactions. What response occurs when 
viewing moving image representations of people, particularly in relation to non-
verbal interactions? And how does the medium differ from first hand 
observations of the same? Empirical analysis of film content and film elements 
provides research avenues into exactly how components of film function, to 
what extent these rely on pre-established norms, and to what extent they can 
stand alone as being independently constructed and understood through 
contextual cues. 
 
3.6 3-D film: a case study 
 
The recent revival of 3-D film offers an opportunity to examine a number of 
broad questions about how people experience film, with a particular emphasis on 
the perceptual system. Kristin Thompson (2011) has a series of essays describing 
3-D film and the future of the technology within studios as well as in home 
theatres. These essays provoke questions about 3-D film, a number of which 
offer an opportunity to demonstrate the potential of the techniques, methods 
and approaches described throughout this chapter. What follows is a detailing of 
how the aforementioned methodology can address some of the questions raised, 
and what that kind of theorising may look like.  
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The intentionally provocative title Has 3-D already failed? began what was to be a 
three-piece series of essays on the state of 3-D technology (Thompson, 2011a, 
2011b, 2011c). In her work, Thompson addresses several different fields of 
concerns and concludes that the new revival of 3-D in theatres may not be a 
sustainable or a viable practice for the film industry. She addresses the 
physiological issues in making an audience see the 3-D image and questions how 
long people will put up with these issues while a 2-D alternative still exists. The 
aesthetics benefits of 3-D films over 2-D films are also challenged by critics such 
as Roger Ebert, who calls into question the purpose of the addition. Thompson 
questions the viability of the technology financially, showing a decline in the 
market boost that expensive technology provides to feature films and detailing 
the unobserved costs involved in producing, distributing and presenting 3-D 
films. This continues into a discussion of the viability of 3-D films moving to 
television broadcasts. Finally, she questions the viability of a 3-D market 
flourishing in particular genres and productions where the technology cannot 
conceivably add much to the value of the work, and asks how this will affect 
consumer choices between 2-D and 3-D alternatives. 
 
In the third of these articles, Thompson (2011c) references criticism by Walter 
Murch that addresses the effects of 3-D on our perceptual system. Murch argues 
that, because 3-D requires the audience to set their visual focus at a separate 
distance to their visual convergence, the shots must then be cut slower to 
account for the diminished cognitive processing capacity of the audience. He 
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claims that the cognitive strain of maintaining the separation of convergence and 
focal points required to view the image negatively impacts the viewing experience 
and limits what can be achieved visually (Murch, 2011). Murch argues the 
problem is too deeply set, such that “no amount of technical tweaking can fix 
[it]”, and that “[n]othing will fix it short of producing true ‘holographic’ images” 
(Murch, 2011). It is true that, traditionally, the viewer’s focus and convergence 
will be set at the same distance, however in 3-D film the screen (a set distance 
from the viewer and their point of convergence) can be at a different distance to 
the objects of focus within the film (which shifts throughout the film). Murch is 
accurate in his suggestion that the perceptual system has never encountered this 
problem before and that the technical problems may be insurmountable without 
developing completely new methods in film. What Murch seems to discount, 
however, is the extent to which the perceptual system may be able to adapt to 
new problems such as those encountered in 3-D film. 
 
Of the perceptual system, Murch avers that “they are doing something that 600 
million years of evolution never prepared them for” (Murch, 2011). This claim is 
not entirely true. Evolution has provided us with a perceptual system that can 
adapt to a wide range of tasks. As Murch points out, the very fact that 3-D films 
work visually is proof that we can adapt. What Murch seems to exclude is the 
possibility that through continued exposure, our perceptual system may be able 
to improve at the task of separating point of convergence from focus, thereby 
lowering the cognitive strain of the task to such the extent that the slowing of 
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editing in 3-D, compared to 2-D, film becomes unnecessary. The ability of the 
human perceptual system to adapt to altered states and contexts has been 
demonstrated in experiments by psychologist George Stratton (1896). In one 
such experiment, Stratton wore a special pair of glasses that completely flipped 
his visual field. He found that, in only a few days, his visual field was perceived 
the right way up. It was not simply that he adapted to function with the upside 
down image, but that his perceptual system corrected the image so that it was 
perceived as if he were not wearing the glasses. 
 
In fact, the cinematic experience already contains perceptual adaptations to 
alterations when viewing the screen on an angle. Despite the distortions this 
should create (a squished rhombus shaped frame), audiences are able to adjust 
the image mentally such that the image is perceived without any distortion 
whatsoever – all with little cognitive processing wasted on the process. There is 
an opportunity to further examine the extent to which exposure to 3-D films 
allows for a reduction in the cognitive strain. It may be possible to test this by 
comparing an audience of individuals who frequent 3-D films with an audience 
who have had no exposure at all. Or it may be possible to examine viewer 
responses based on the editing speed of these films, comparing experienced and 
inexperienced 3-D film viewers. While 3-D films offer a challenge to the 
perceptual system, this does not mean, as Murch tries to conclude, that this is a 
problem audiences cannot overcome through experience. 
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Murch’s argument also hinges on a presumed slowing of edits in 3-D films. This 
could be established through an analysis of ASL of 3-D films in comparison to 
exclusively 2-D films. Showing that 3-D films have a higher ASL than 2-D films 
would then require further examination and analysis to determine what factors 
may be responsible for this difference. Confounding factors may include film 
budget, genre distribution, film length and quality of 3-D (filmed in 3-D or added 
in post-production). Through the utilisation of a scientific methodology and the 
incorporation of a range of empirical methods, it would be possible to address 
both the premise and conclusions of Murch’s argument with a rigorous set of 
evidence and theories about the perceptual experience of 3-D film. 
 
Thompson’s articles raise concerns about the significant economic obstacles 3-D 
film faces. In the article The Year that was Saved by 3D, Pamela McClintock (2011) 
quotes some of the costs involved in producing a 3-D film. A two hour feature, 
made in 2011,on average would cost $USD20 million more to produce, while and 
converting a film to 3-D in post-production cost around $USD12 million and 
would take several months to complete. The film then needs theatres to screen it, 
which requires a massive upgrade in cinema infrastructure. While there were 
8,770 3-D capable screens in the US by the end of 2010, this represents only a 
small portion of total screens - roughly 38,000 (Thompson, 2011b). The cost of 
converting a digital projector to 3-D capability is around $USD100,000. At such a 
sum, the vast majority of theatres must seriously consider the practical benefits of 
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such an investment. Graph 117 shows the revenue of each 3-D film per screen 
split between 2-D screenings and 3-D screenings. While the medium initially 
earned much larger gains for 3-D capable screens (almost 700% of 2-D 
screenings for The Polar Express), more recent productions barely break even. 
This graph shows that, of the theatres that screened Toy Story 3, a film considered 
to be a highly successful 3D release, the revenue made per screen was actually 
higher for 2-D screens than 3-D capable screens. Furthermore, the 3-D glasses 
add a small but not insignificant cost to theatres showing 3-D films, further 
reducing profit margins. 
 
Graph 1. 3-D vs. 2-D, 2004-2010. 
 
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
17 Reproduced from “Has 3-D already failed? The Sequel, Part One: RealDlighted” by 
Kirstin Thompson, 2011, Observations on Film Art. Retrieved from 
http://www.davidbordwell.net/blog /2011/01/20/has-3d-already-failed-the-sequel-
part-one-realdlighted/ 
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Just as Timothy King draws on a range of evidence to develop theories about the 
relationship between critic and box office takings, Thompson does so in respect 
to the economic viability of 3-D films. By utilising evidence from a range of 
sources Thompson is able to build a strong argument that challenges the viability 
of 3-D film, showing vulnerability in the expense of production and the 
conversion of cinemas, contrasted with relatively lower payoffs when compared 
with 2-D alternatives. This argument raises a number of questions: What does 
the experience of 3-D film provide in comparison to 2-D film? Why has the 
relative revenue per screen fallen so sharply since the revival of 3-D films, and 
what does this say about how 3-D film is engaged? These questions can only be 
addressed by drawing on research and techniques from scientific fields and by 
applying a rigorous and reasoned methodology. By doing so there is the potential 
to gain insight into a broad range of experiences related to film as well as the 
opportunity to further develop the empirical evidence on film and its place in 
society.  
 
Thompson explores revenue streams beyond the cinema that may increase 3-D 
film’s some form of economic viability. 3-D television offers some potential for 
expanding profits, however, with little to no 3-D broadcasting and incredibly 
high production costs, (which can only be covered by large-scale projects such as 
films or major sporting events), the likelihood of a wide range of television shows 
jumping into the new technology seems unlikely. This decreases demand for 3-D 
capable televisions, which can only play the limited contemporary range of films 
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being produced and released specifically for these televisions. With 3-D films 
adding little to the revenue of films relative to 2-D screenings in cinemas and 
with expensive production costs, the likelihood of the catalogue of 3-D films 
growing to a large enough extent to popularise 3-D televisions for home use 
seems incredibly low. Thompson utilises a range of different sources in her 
convincing argument that, from an economic point of view, 3-D is rarely worth 
the investment, and without finding a viable source of revenue will remain a 
niche market of film production. 
 
In Has 3-D already failed? The sequel, part one: RealDlighted Thompson (2011b) 
challenges the viability of the addition of 3-D to the majority of the film and 
television medium. While the benefits can be understood in visually rich films 
intended as an “experience”, it becomes harder to see the value 3-D adds to 
traditional dramas, television game shows or reality shows. Several of the critics 
quoted state that “3-D is a tool” rather than a fundamental feature of film and 
filmmaking. It seems unlikely that 3-D will become a fundamental aspect of film 
while it offers little in terms of financial incentives to studios, theatres and 
DVD/Blu-ray distributors. 3-D seems destined to exist as a tool available to 
directors to enhance the experience of particular films rather than a whole new 
way of seeing and making films. 
 
Given the above prediction for 3-D’s future, what might we expect the effect of 
3-D to be on the overall experience of film? How will the experience of 2-D and 
 80	  
3-D films change as the two forms remain available? Will certain genres change 
based on their presentation mode, and will the way people engage with films 
change based on the same? Will theories of attention offer any answers, or 
should we look to the perceptual system and its engagement with 3-D? It is 
possible to answer these questions by utilising scientific research and methods, 
and by engaging with the material in efficacious and rigorous ways. Even when 
looking to empirical explanations of phenomena, in particular physiological 
explanations, it is necessary to incorporate an awareness of the surrounding social 
and cultural factors that create the context we are attempting to understand. It 
takes consideration of a broad picture to effectively assess the role that different 
systems play in the experience of film.  
 
In regards to Murch’s claim that 3-D films are edited with slower pacing because 
of the perceptual system, the potential confounds must be considered and many 
of these are discovered by an examination of the social and cultural factors 
involved in the context being examined. It may be that 3-D films, because of 
their higher budgets, have a reason for higher ASL that is completely distinct 
from the perceptual system. Media representations of a film, such as advertising, 
may affect the expectations of an audience and have some effect on ASL. 3-D 
films may also be edited with a different ASL to distinguish them further from 2-
D, as they attempt to stand as a unique product. If the problem is examined in 
isolation, without consideration of a number of factors, the resulting examination 
will be limited in scope and application. The techniques, methods and 
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approaches I have outlined in this chapter are aimed at addressing problems in 
contexts - like those described above – and aimed at producing empirically and 
scientifically supported theories on the experience of film. 
 
3.7 Theory construction and methodological applications 
 
In this chapter I have detailed the particular ways a film theorist may engage with 
scientific work without explicit expertise in that field. By understanding how 
scientific theory is constructed and the best way to engage different components 
of the theoretical process, film theorists can make meaningful engagements with 
work from these fields. In regards to methodology, film theorists can apply their 
understanding of film to justify or challenge the assumptions made by research 
about film and the ways it is engaged. Film theorists can also analyse 
methodology to challenge the validity or usefulness of the evidence a particular 
experiment or analysis produces. Finally, theorists can critique and challenge the 
interpretation of the evidence being presented and offer their own conclusions. 
While some level of statistical literacy is required for much of the above, film 
theorists can engage with scientific work meaningfully primarily by utilising their 
own analytic tools and their own expertise in understanding the experience of 
film. In her discussion of 3-D film, Kristin Thompson meaningfully engages with 
scientific and other empirical evidence, employing many of the methods 
described above to draw conclusions about the 3-D technology and its impact. 
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There is great potential for increasing the understanding of film through a wide 
range of meaningful engagements with scientific research. 
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4. A history of scientific research into ‘persistence of vision’ 
 
The viewer’s experience of film is linked to our body and its ability to perceive 
the world, both physically and mentally. Film is a technological and cultural 
phenomenon that builds on pre-existing perceptual systems to create the 
experience that occurs when visiting the cinema. Films are able to invoke a wide 
range of emotional and physiological responses in an audience through the 
projection of light and sound. These experiences mirror those of everyday life in 
interesting ways. One of the major components of film theorising is the attempt 
to understand the relationship between cinematic and real world experiences by 
studying the body and the mind. 
 
Pursuing an understanding of the relationship between the cinematic object and 
how it is perceived requires sensitivity to a multitude of physiological, 
psychological and social factors. To better understand the cinematic experience 
some theorists have turned to scientific explanations to describe how we perceive 
film.18 Film theorists take these scientific explanations as axiomatic to the 
theories they produce, building upon the assumption that the science adequately 
explains an aspect of the cinematic experience. Throughout the history of film, 
this engagement has often lacked rigour or depth leading to theories being 
developed without grounding in strong foundations.  
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
18 This would include to varying degrees the works of Sergei Eisenstein, Christian Metz 
and Andre Bazin, some of which will be discussed in further detail in Chapter 6.   
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Scientific theories rarely remain constant over time, as new tools are developed 
for investigating the world, producing new empirical evidence. What this means 
is that theories of film that take scientific explanations as axiomatic must adapt as 
research revises those explanations. However, in practice, such ideas in film 
theory are too rarely revisited as the research that underpins them takes on a new 
shape. Throughout film’s history many theorists have challenged the assumptions 
and the foundations of certain scientific claims about our experience of film. By 
engaging with their work and the broader scientific community there is the 
potential to improve film theorising and cast out errors as the fields they were 
derived from do the same. 
 
Science does not have a place in all or even the majority of film theory, but where 
it does play a role, or where it has the potential to improve our understanding of 
film, the standards we apply to its application must befit its methodological 
conception. Put differently, if science can give us a better understanding of the 
experience of film, we should take that opportunity, but we must revise theories 
as new evidence comes to light or any claim to be engaging with science would 
be misconstruing scientific standards. To utilise outdated or disproven scientific 
theories for the purpose of theorising about film is to fail to meet the bare 
minimum standard of rigour required of academic work. 
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The scientific methodology19 guides a broad number of disciplines under the 
banner of ‘science.’ It may be that the vastness of the field and the importance of 
a functional grasp of the field’s methods and lexicon, create a divide between 
scientific explanations and film theory. For example, while the methods of the 
natural sciences are used to study light and the human eye, we cannot study 
perception or the experience of the senses by the same means. That is, it is not 
possible to simply observe how the light hits the eye in order to understand what 
is seen. Instead, an understanding of how sensory stimulation is interpreted and 
understood by the brain is required. 
 
Much of psychology is devoted to understanding these processes. Experimental 
psychologists examine the exact conditions and percepts experienced by subjects 
in an attempt to understand how such processes work. Other psychologists study 
cases of abnormality to identify and theorise on the role of different regions of 
the brain. Others study the neurological basis of physiological perceptual 
processes by analysing brain scans. Psychological research suggests levels of 
conscious and unconscious processing of sensory input; a form of filtering that 
occurs before we ‘perceive’ an image (Snow & Mattingley, 2006). Even without 
the definitive qualities of natural scientific investigation, by utilising the scientific 
method psychologists may investigate the structure of our perceptual system. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
19 For further information on the scientific method see Hugh G. Gauch Jr. (2003). 
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The aim of this thesis is to provide a strong argument for the use of science in 
the development of theories within film where physiological processes play an 
important role. Firstly, this is presented as a case study of persistence of vision, 
following its history both in science and in film theory, to illuminate flaws that 
can arise when engaging with complex phenomena and to provide a general 
understanding of how science evolves and changes over time and the associated 
difficulties. Secondly an argument is made for the potential benefits of engaging 
science that explains physiological processes involved in the experience of film. 
Finally, a general set of practical and methodological changes are suggested. What 
follows is the historical overview and analysis of the development of the idea of 
‘persistence of vision’ within science. 
 
4.1 The problem of persistence of vision 
 
Throughout film’s history, no scientific idea or theory has resonated more with 
film theorists than the concept of ‘persistence of vision.’ While the concept still 
occasionally sees use in contemporary work this is uncommon and ‘persistence 
of vision’ cannot be said to play a central role in film theorising today. The 
concept offers an opportunity to look at how explanations of the physiological 
process involved in viewing film have evolved and how they have shaped and 
been shaped by both science and film theory. Persistence of vision as an 
explanation for the experience of film has shaped theoretical conceptions of the 
core engagement with the medium and has developed a myth-like status 
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(Anderson & Fisher, 1978). Persistence of vision attempts to offer an explanation 
for how we are able to perceive a continuous image and motion from a rapid 
succession of still images. The explanation has been interpreted in a range of 
different ways to provide support for a diverse number of theories about the 
nature of film and the individual’s experience at the cinema. Persistence of vision 
has been described as a kind of merging of images, a blurring of edges combining 
successive images to create smooth motion.20 Others have invoked the 
phenomenon as a sharp collision of two images, one on top of the other in quick 
succession creating movement as the shapes are transformed by the collisions 
(Eisenstein, 1929/1951). The different conceptions of persistence of vision 
attempt to account for our experience of continuous motion and have shaped 
countless theories of what film is and how we see it.  
 
 In this chapter I examine the history of the scientific concept ‘persistence of 
vision’ and the way the concept has changed with respect to film. I aim to follow 
the advances and changes in the scientific explanations of the phenomena of 
apparent motion and continuous images. I suggest that ‘persistence of vision’ 
does not serve as an adequate explanation for the experience of apparent motion 
in film and that the theory has lacked evidence or rigorous scientific support 
since before its first use in film theory. To this end I aim to show the historical 
context of the different explanations of the experience of film and what we can 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
20 Sobchak & Sobchak (1980) assert that persistence of vision “blends individual 
instances of movement together and we see what appears to be continuous movement.”  
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gain through higher standards of rigour when engaging with ideas from scientific 
fields.  
 
4.2 Persistence of vision 
 
Persistence of vision has been a cornerstone of understandings of the mechanics 
of the perceptual experience of cinema. However the term has lacked the fixed 
definition necessary for a scientifically rigorous theory. Generally it refers to the 
phenomenon whereby an image persists on the retina for a short time after the 
stimuli that produced the image has disappeared or changed.21 This phenomenon 
has been offered within film studies as an explanation for our experience of a 
continuous moving image at the cinema. Even as recently as 2005, psychologists 
have offered persistence of vision as an explanation of our experience of film. 
Nicholas Wade, a perceptual psychologist, writes, “the phenomenon of visual 
persistence lies at the heart of apparent motion, and therefore the simulated 
motion we observe in films” (Wade, 2005, pp. 112). As I will show, this 
explanation is insufficient for understanding how we perceive motion in film, but 
highlights the difficulty of the problem, and reminds us that scientific 
explanations cannot simply be applied at convenience without sensitivity to the 
particular phenomena that they attempt to explain. 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
21 As of 09/11/2012 this remains the definition used by the online version of 
Encyclopaedia Britannica, attributing the perception of motion in film to this 
phenomenon. 
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One of the biggest problems with the aforementioned conception of persistence 
of vision is that it has no way of explaining how an eye-centred phenomenon 
(such as image retention or afterimages) results in a brain-centred response (the 
perception of motion). Without offering an explanation of how the image is 
interpreted the theory remains a purely optical one, incapable of adequately 
explaining the phenomenon observed in cinema. By attempting to brush over the 
interpretive element of motion perception we risk over-simplifying the complex 
and nuanced perceptual system. In doing so, we jeopardise the gains we stand to 
make by understanding the process by which we perceive motion in films. 
 
By tracking the development of the concept of ‘persistence of vision’ throughout 
history it is possible to gain a better understanding of how it has shaped thinking 
on film. While the discovery of ‘persistence of vision’ has been attributed to the 
Roman poet Lucretius (Herbert, 2000) there are records of earlier engagement 
with afterimages by Aristotle who found them intriguing (Allen, 1926). The first 
reference to persistence of vision within film theory comes from Terry Ramsaye, 
a film historian, who cites Peter Mark Roget as the one to discover the optical 
‘defect’ responsible for the cinematic experience. Ramsaye (1926) references a 
paper entitled ‘Persistence of Vision with Regard to Moving Objects’ that he 
claims was presented by Roget in 1824. This is in opposition to the records held 
at the Royal Society of London, in which the paper is titled ‘Explanation of an 
optical deception in the appearances of the spokes of a wheel seen through 
vertical apertures’ (Roget, 1825). 
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The paper contains no reference to the phrase ‘persistence of vision.’ Roget’s 
work focuses exclusively on the appearance of curvature in the spokes of a wheel 
in motion when observed through venetian blinds. Roget provides a detailed 
explanation of the geometric factors involved in the perceived curvature and 
provides mathematical analysis of how different conditions would change the 
degree of the perceived curve. He then attempts to describe the process by which 
the image of the spoke persists as it moves between the gaps in the venetian 
blinds. The image leaves “in the eye the trace” (Roget, 1825, pp. 135) of the 
image, which Roget likens to when a source of light appears to trace a line if it is 
bright enough and moves quickly enough. This phenomenon describes the retinal 
process but makes no attempt to account for the brain centred response. 
 
The trails of light Roget refers to are perceived by the same system that is used to 
see a source of light in multiple positions at once. The phenomenon can be 
observed by quickly moving one’s finger between two points, producing a blur 
and the appearance of multiple fingers. When watching films we do not 
experience this piling up of images. If this phenomenon was the same as what we 
experience when watching films we would expect multiple images to pile on top 
of each other creating a perception of motion blur in the image. It would also 
mean that as we increase the frame rate more images would pile on top of one 
another just as increasing the speed that the source of the light travels at 
increases the length of that trail of light. “Roget has described a case in which a 
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series of moving points results in the perception of a static image” (Anderson & 
Fisher, 1978, pp. 6). Ramsaye, however, is interested in how motion is perceived 
in films that, in contrast, are composed of static images shown in succession to 
produce the perception of motion. While Roget speculated on the process 
involved in image persistence his writing came well before the invention of film. 
Ramsaye’s small misapplication of a scientific explanation informed the 
predominant thinking on film perception for almost a century. 
 
Analysing the error in judgement made by Ramsaye allows us to take a closer 
look at what exactly we are trying to describe. It is important to distinguish each 
unique phenomenon involved in the experience of film. Persistence of vision has 
lacked clarity in its definition and it cannot be assumed that the effects we 
observe when perceiving film are connected. There is a great deal of evidence to 
suggest that, what is commonly described by ‘persistence of vision’ may in fact 
refer to two distinct phenomena. Without separating the two one cannot fully 
understand the process by which we perceive films. These two phenomena are 
apparent motion and visual persistence. Apparent motion is the perception of 
motion we experience when viewing films. Visual persistence describes the 
retention of images such that the succession of images appears as a continuous 
stream of light. It is possible that one of these two phenomena is a necessary 
condition for the occurrence of the other and as such this possibility will be 
examined based on the evidence available. 
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4.3 Apparent motion 
 
Apparent motion describes the sensation of seeing movement when nothing in 
the environment has actually moved. It can also include the illusion of stillness in 
a moving object, and the appearance of motion in the opposite direction to 
which it is actually taking place. While at first it may seem clear what type of 
apparent motion is occurring in cinema it is necessary to evaluate a range of 
different effects to ensure the conditions met in the cinema are the ones 
described by the proposed explanation. Examples of apparent motion include 
illusory motion, beta movement, the phi phenomenon, and the stroboscopic 
effect. By looking at the exact mechanics of each of these it is possible to gain an 
understanding of how motion is produced and perceived in film. We must also 
understand the mechanics of each particular phenomenon within the cinematic 
context. 
 
In cinematic projection there is only a perception of motion, as the presence and 
absence of light in different colour spectrums changes from frame to frame. No 
physical objects are moving on the screen but the perception occurs nonetheless. 
Even at lower frame rates where the flickering is clearly apparent (produced by 
the gaps between each frame during projection) or at the higher contemporary 
rates where flicker is not detected, motion can still be perceived. The apparent 
motion in cinema is not dependent upon shape, colour or complexity of the 
design and as such it is difficult to discover similar phenomenological experiences 
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in everyday life. Each of the different forms of apparent motion requires 
different conditions to be produced and offer the potential for insight into 
apparent motion in cinema. 
 
Illusory motion describes the appearance of movement in a single static image. 
Manipulating the relationship between colours, tones or shapes allows cognitive 
effects that create the perception of motion. These illusions often occur within a 
person’s peripheral vision and are not seen at a point of focus (Goldstein, 2010). 
While the phenomenological and design elements of such illusions are well 
documented we still have only a limited understanding of how our motion 
detection systems are activated by these illusions. Illusory motion seems an 
unlikely candidate for explaining the experience of motion in cinema as it 
involves a single static image rather than a change between multiple images. 
 
Apparent motion can be created by a combination of sampled image rates and 
real motion. The stroboscopic effect is created by observing rotational motion 
with a sample rate similar to that of the rotation rate of the object. If observing 
the recording of an object rotating 30 times per second at a sample rate of 30 
times per second the object will always appear in the same position and thus 
appear motionless. If the sample rate is higher the object will appear to move 
slowly in the opposite direction to which it is actually moving. If the sample rate 
is lower the object will appear to move in the correct direction but far slower 
than is actually occurring. This phenomenon occurred regularly in old Western 
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films featuring wagons. For this reason the effect is sometimes referred to as the 
“wagon wheel effect” (Finlay, Dodwell, &Caelli, 1984). Since the motion we 
observe in the cinema (outside the wagon wheel effect) appears to move the 
same way as it is perceived in real life, the stroboscopic effect seems an unlikely 
candidate for explaining how motion is perceived in film. The effect may still 
hold clues as to how we perceive motion in film as it relies entirely on sampling, 
the very foundation of the cinematic capturing process. 
 
In 1912 Max Wertheimer reported the discovery of two apparent motion 
phenomena, the phi phenomenon and beta movement (Wertheimer, 1912). 
These two phenomena can appear incredibly similar and differentiating between 
the two can be difficult. Beta movement is produced by static images showing 
objects in positions that are perceived as successive, such that the objects appear 
to be a unique entity moving over time. A well known example can be seen in 
LED store signs where text appears to scroll from one side to the other. In 
reality the lights are switched on and off in a constant relationship to produce the 
appearance that the words are moving. The phi phenomenon is movement seen 
in the absence of an element of an object, as opposed to in the object itself. The 
phi phenomenon requires a higher rate of change to be produced than beta 
movement and the movement is without a defined shape. The phi phenomenon 
is created by the successive absence of elements within an image. 
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Both of these forms of apparent motion have been used to describe how motion 
is perceived or created in film (Koningsberg, 1997). The significant difference 
between the two is that in beta movement the object appears to jump from one 
point to another whereas in the phi phenomenon the object appears permanent 
and continuous. This involves not simply a mental process of object constancy 
but a form of perceptual persistence that carries the object between points when 
flickering at a fast enough rates. This is likely the reason that the phi 
phenomenon has been used by those who recognise the inadequacy of 
persistence of vision as an explanation for apparent motion in cinema (Anderson 
& Fisher, 1978). The apparent motion in cinema requires some form of brain 
centred activity to shape the perceptual process and as such the phi phenomenon 
has provided theorists with a conceptual grounding to reject the assumed passive 
viewer of previous theories based on ‘persistence of vision’ 
 
‘Persistence of vision’ has commonly been used as an explanation for apparent 
motion, however the eye-centred theory is also one of the least substantiated 
explanations of how we perceive motion in film. As early as 1912 Wertheimer 
proposed a brain-centred explanation for apparent motion and his work inspired 
Hugo Munsterberg who applied the theory directly to film. Munsterberg argued 
against the use of visual persistence as an explanation for apparent motion which 
will be discussed in greater depth in the sixth chapter. It is disappointing that the 
works of Wertheimer and Munsterberg explaining the role of the brain in the 
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perception of motion were overlooked when Ramsaye introduced the idea of 
‘persistence of vision’ to film theory over a decade after their publication. 
 
4.4 Visual persistence  
 
Visual persistence is the retention of the perception of an image in the absence of 
its original source. An image or part thereof is retained for a brief period that 
ranges from a fraction of a second to around a minute and can be seen even 
when moving the eyes around (Bartels, Vazquez, Schindler, & Logothetis, 2011). 
The application of visual persistence as the explanation for apparent motion in 
film is somewhat lacking, but the possibility remains that visual persistence 
facilitates the motion we perceive in film. If visual persistence were a necessary 
component in the production of apparent motion in film, then by understanding 
visual persistence we can gain insight into what is happening while watching a 
film. 
 
The study of visual persistence is difficult to track and the nature of thinking on 
the phenomenon can be tough to extract from the scientific work on it. Too 
often this work does not distinguish between retinal and cortical processes when 
discussing visual phenomenon. References to scientific studies of visual 
persistence phenomena can be found as early as 1717 in Isaac Newton’s Opticks 
which describes the spinning of hot coals to create the appearance of a ring of 
fire that created light of a “lasting nature” (Newton, 1717). The first examination 
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through experimentation of visual persistence came from Patrick d’Arcy in 1765 
with the construction of a “machine animated by a clockwork that rotated a steel 
rod” (Galifret, 2006, pp. 372). He used the machine to test exactly how long the 
trail of light persisted by analysing what rotating speed was necessary to create 
the perception of a closed circle. His results produced a persistence of about 145 
milliseconds duration, however, as was to be discovered, many variables affected 
the duration of the persisting image. 
 
D’Arcy believed that the strength of the luminance had a proportionate effect on 
the duration of the persisting image, although he never formally tested this idea. 
He wrote, “[t]he impressions of the objects are all the more lasting as they are 
more illuminated” (d’Arcy, 1765). When reproducing similar experiments to 
d’Arcy, Joseph Plateau and Hermann Ludwig von Helmholtz noticed that when 
the visual stimulation is stronger the duration of the image is shorter (Galifret, 
2006). The difference in findings eventually led to closer examination of the 
luminance in the stimuli used and the discovery of maximum sensation effects. It 
is worth noting at this point that Plateau’s conception of visual persistence at the 
time suggests a belief in the phenomenon as explanatory for the experience of 
apparent motion. Although cinema had not yet been invented at the time, 
Plateau’s ideas would help perpetuate the theory of persistence of vision when 
applied to motion in films.  
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“When a black disc with a bright white spot on it is rotated fast enough a grey 
ring appears instead of the revolving spot” (Helmholtz, 1925). This observation 
by Helmholtz suggests a blurring of colours in the persisting image, which 
challenges the likelihood that visual persistence could account for the sort of 
blurring together of images that is used to describe apparent motion in film. If 
film worked in this way the transition between colours would carry a transitional 
period in which the colours for the previous and current frame are mixed. The 
problem of the grey ring was resolved by the observation that the retention of 
initial luminosity by the source object is dependent upon the duration of 
exposure being sufficient to cause maximum sensation. Furthermore, this 
discovery led to the formulation of the first law of visual persistence, known as 
the Talbot-Plateau law. 
 
The Talbot-Plateau law is a mathematical description of how the source of 
illumination can remain constant while the periods of black and white in a cycle 
are manipulated to change the effective luminance of the image (Wade, 1998). 
The effective luminance is “to the actual brightness as the time of exposure [is] to 
the total time of observation” (Galifret, 2006, pp. 373). Once we are able to 
successfully calculate effective luminance it becomes possible to accurately study 
the relationship between luminance and image persistence. If we are able to 
understand the effect luminance has on the persistence of images based on visual 
persistence theory then it will be possible to test if luminance is a necessary 
component in creating persisting images in cinematic projection. 
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The research on visual persistence highlights another role the phenomenon plays 
in our experience of film. When a film is shown at the cinema a series of still 
images are projected upon a screen at a set number of frames per second. During 
the transition from one frame to the next the projector momentarily blanks out 
the projection with a shutter, creating gaps between each frame. In the early days 
of cinema these gaps caused a strong flickering effect, producing the nickname 
‘flicks’ for moving pictures. By using the Talbot-Plateau law T.C. Porter was able 
to analyse the exact conditions under which flicker is produced. 
 
Porter built on Erwin Ferry’s experimental research into the “relation between 
the duration of the retinal impression of [the] eye and the wave-length of light 
observed for spectra of different intensities” (Ferry, 1892). He developed a 
mathematical law to determine the exact frame frequency required under 
different effective luminosity to remove the perception of flicker. “Although the 
primary object of this research is to throw light upon the process of vision […] 
we can easily determine […] the number of pictures that must be projected on 
the screen per second in order that there may be no trace of flicker” (Porter, 
1898). He estimated that a frame frequency of 50 per second would completely 
remove the perception of flicker in film projection luminosity, a surprisingly 
accurate number given the youth of cinematic technology and the distance this 
work had from the rest of his experimental expertise. 
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Interestingly, Thomas Edison came to a similar conclusion as to the required 
frame rate to avoid flicker. He advocated a frame rate of 46fps however this used 
a great deal more film and reduced the exposure on the film (Barker &Elsaesser, 
1990, pp. 284). To resolve this film screenings used a three blade shutter which, 
in conjunction with the standard capture rate of 16-18fps for silent films, 
produced an effective 48-54fps. With the addition of sound to film the standard 
capture rate became 24fps, in part because it permitted an effective frame rate of 
48fps, with a two blade shutter (Brownlow, 1980). Despite aiming for an 
effective frame rate of 48fps, early cinema projection sometimes still fell short as 
different production companies produced films at different rates while the loss of 
luminance using a three blade shutter was sometimes too great and as such a two 
blade shutter was substituted. This stands as a clear example of how the 
physiological and perceptual mechanics of the experience of film act to shape 
and inform how the film apparatus has developed. 
 
By using higher frame rates contemporary film projection no longer has the 
problem of flicker. When viewing a film at the cinema we miss the 48-72 times 
per second that the screen is completely blanked out.22 This is regularly referred 
to as flicker fusion, a process by which the images before and after a gap are 
purportedly fused together to remove the perception of a flicker (Levinson, 
1968). Caution must be taken in extrapolating the implications of flicker fusion in 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
22 While films are still predominantly shot at 24fps, each frame is shown through the 
projector gate 2-3 times creating an effective frame rate of 48-72fps in contemporary 
cinema projection. 
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regard to the cinematic experience. Flicker fusion cannot be considered a 
necessary component in apparent motion. Since early film projections had not 
entirely removed the presence of flicker, the perceived apparent motion in these 
films is evidence that the two phenomena are independent of each other. Digital 
projection that produces a constant stream of light also provides a clear case 
whereby motion is perceived but visual persistence is not required. 
 
The fusion aspect of flicker fusion can easily be misinterpreted. In 1962 Henri 
Pieron attempted to define this fusion not as a merging of two things, but as a 
form of homogeneity between specific neurons in the visual system (Pieron, 
1962). For Pieron the fusion aspect of flicker fusion is a consequence of the 
visual system’s incapacity to perceive periodic stimulation beyond a certain 
frequency, and not a combining of images. Understanding fusion in this way 
allows us to see that flicker fusion is as much about reaching fusion frequency, as 
it is about the frequency at which flicker is unable to be perceived. This reversal 
of the statement of the problem has allowed research that reveals new elements 
about the process by which visual persistence occurs, of which I will discuss later 
in reference to afterimages. 
 
While it appears clear from even a brief analysis of the evidence that apparent 
motion must include some form of mental engagement, the same cannot be 
easily said of visual persistence. Some aspects of visual persistence are retina 
based, such as certain afterimage effects, but investigating what role the brain 
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plays in visual persistence phenomena requires close analysis of the existing 
evidence. The existing evidence on visual persistence can provide answers to how 
we experience film when based on an understanding of the psychological theories 
of relevant mental processes and the relationship between eye and brain. 
 
‘Persistence of vision’ can refer to apparent motion or to visual persistence. It 
can refer to physiological processes that have a retinal or a cortical basis. The 
broad applications of the theory have played a large part in the perpetuation of 
misconceptions about the experience of film. By analysing the historical progress 
of concepts relevant to the study of film we can begin to unpack the process by 
which we are able to experience continuous motion at the cinema. In what will 
come in the following chapter I set out to make clear the exact process by which 
we perceive visual persistence and apparent motion based on contemporary 
evidence. While it is certain that these theories will change over time, by offering 
the best possible explanation of a phenomenon there is the potential to revise 
them more effectively than otherwise possible as new information becomes 
available.  
 
4.5 Separating motion and persistence 
 
In this chapter the origin of the phrase “persistence of vision” is shown to derive 
from a misunderstanding and misrepresentation of the work of Roget by the film 
historian Ramsaye. The phrase has a range of uses but generally applies to an 
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image persisting on the retina for a short time after the stimuli has ceased or 
changed. This is offered as an explanation for how motion is perceived in film as 
well as the way a viewer is unable to detect the flicker present in switching 
between frames in a film when shown at a high enough frequency. Despite the 
theory’s long history within film there has been little to no discussion that 
identifies the fact that these phenomena rely on different processes in the visual 
system. This chapter looks closely at the history of these two processes to 
understand how ideas of ‘persistence of vision’ developed within science. 
 
It is possible that the two processes are connected and that one is a necessary 
condition for the other, however this cannot simply be assumed and given the 
ability to produce apparent motion in contexts that exclude visual persistence. In 
the following chapter this possibility will be further examined. Looking at the two 
phenomena as distinct items allows illumination of certain foundational 
components of the film experience, however this does not in any way support 
‘persistence of vision’ as an explanation for them. Work completed as early as 
1912 by Wertheimer provides a strong challenge to the use of persistence of 
vision as an explanation for apparent motion in film, which unfortunately 
remained unanswered for some time. Flicker fusion, a form of visual 
‘persistence’, had been studied in quite some detail more than a century before 
Roget offered persistence of vision as an explanation for the process; however, 
here too work had already been produced that challenged his explanation of 
persistence with Pieron’s description of visual homogeneity. This all stands to 
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demonstrate the need for broad and rigorous engagement with each of the 
components involved in a process to develop strong theories of the experience 
of film, whether they arise from science or from within film.  In the following 
chapter these concepts will be further examined in relation to visual persistence 
phenomena and motion detection systems. 
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5. Visual persistence and motion detection 
 
When viewing film in a contemporary cinema few people question the absence of 
flickering light as the frames are pulled through the projector. Few people would 
think to question the fact that they see movement while knowing full well that 
nothing but light is changing in front of them. The question of how the visual 
system achieves this is incredibly important to cognitive film theorists, as the 
processes involved are fundamental to the experience of film. To answer these 
questions requires an understanding of a range of physiological processes 
working with the visual system.  
 
The assessment of ‘persistence of vision’ as an explanation for visual persistence 
and the experience of motion in the cinema cannot come from intuition or 
introspection. There is no reason to assume that because motion is experienced 
when observing film and because viewers are fully aware that the motion is not 
physically occurring in front of them, that there must be a separate system 
specialised for this process. There is no reason to assume that the reason we do 
not observe flicker when watching a film is because the image persists on the 
retina for a fraction of a second after ceasing. What follows will show how these 
ideas have been examined and developed within psychology and explore a range 
of possible explanations that would support a ‘persistence of vision’ based 
explanation of the experience of film. The chapter will conclude by examining 
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the implications for theories of film when motion and visual persistence are 
understood differently than has been presented in the past. 
 
5.1 Visual persistence phenomena 
 
Visual persistence phenomena are central to the cinematic experience, but despite 
their long history of study no theory within film has been able to provide a clear 
explanation of how we see film as a continuous stream of images. Nor has theory 
within film adequately explained the role visual persistence phenomena play in 
the perception of apparent motion. To thoroughly address these questions 
requires an examination of several different visual persistence phenomena. 
 
In what follows I will examine the phenomena of afterimages as a possible 
explanation for apparent motion and flicker fusion. This will include an 
assessment of both positive and negative afterimages and their respective 
conditions for creation, as well as the process by which they are resolved. In 
particular I will investigate the unique qualities of positive afterimages in relation 
to flicker fusion and strive to provide an explanation that may lead to a better 
way of thinking about the problem of visual persistence. 
 
I will also attempt to offer the best available solution to that problem of visual 
persistence based on current available evidence. This will require examination of 
a range of sources and investigation of a number of different phenomena that 
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may play a role in the experience of film relevant to persistence of vision. The 
focus remains on the physiological components involved in the experience of 
motion and a continuous image in film projection. The methodology used to 
come to conclusions about how these phenomena work is the very same as 
described in earlier chapters and this chapter stands as a demonstration of its 
potential in understanding film. 
 
5.2 Afterimages 
 
Afterimages are sometimes described in reference to ‘persistence of vision’. They 
are the sustained perception of an image after exposure to its source has ceased. 
This sustained experience of the image has been used as another explanation for 
why we are able to see images in cinema as continuous. Sobchak & Sobchak liken 
the experience of continuous images to the afterimage produced by staring at the 
sun, going so far as to claim “motion pictures are only possible because of a flaw 
in human vision; we are all victims or beneficiaries of persistence of vision” 
(Sobchak & Sobchak, 1980, pp. 19). Staring at the sun, however, is a unique and 
distinct case of the afterimage effect, one that produces both a positive and a 
negative afterimage. These are two distinct types of afterimage effects that have a 
number of important differences. Because positive and negative afterimages 
produce different perceptual responses under different conditions determining 
the type of afterimage involved in film is necessary for accurate discussion. By 
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doing this it will be possible to analyse how such a phenomenon can explain 
continuous motion and continuous images in the cinema. 
 
Negative afterimages are an unlikely candidate for explaining our experience of 
continuous images or motion in film. The phenomenon involves an inversion of 
the colour of the original stimulus in the persisting perception. The negative 
afterimage is produced by the fatigue of photoreceptors known as rods (for 
perceiving luminosity) and cones (for perceiving colour) inside the retina based 
on prolonged exposure to a particular source of light (Eysenck, 2001, pp. 43). 
Staring at a coloured image for as little as 20-30 seconds can produce a negative 
afterimage as the cones become fatigued to the particular colour they were 
exposed to. In other words the ability to perceive a particular wave or intensity of 
light is diminished through exposure. Incoming light is perceived as its inverse as 
the messages sent by the photoreceptors for opposite colour becomes stronger 
than those of the fatigued cones. This is not the experience we have at the 
cinema that produces motion or continuous images. It is rare for cinema to 
produce negative afterimages and it would likely intrude on a continuous 
experience of the image. Negative afterimages do not blend images together and 
so cannot be used to explain any phenomenon of continuous images in film. 
 
Positive afterimages, by contrast, are produced in the same colours as the original 
stimuli and thus may offer an explanation for the phenomena of apparent motion 
or continuous images in cinema. Like the negative afterimage, the positive 
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afterimage is a persistence of visual stimuli in the absence of its original source 
but, unlike the negative afterimage, it requires a shorter exposure period to be 
produced. Positive afterimages generally have a shorter duration than negative 
afterimages, which lends itself to a possible explanation of the phenomenon we 
experience at the cinema. Even with contemporary scientific methods, our 
understanding of positive after images is somewhat limited. We are unsure of the 
exact mechanics that produce the effect but new research is beginning to give 
clues as to how the process works.  
 
Historically, positive afterimages have been believed to be a purely retina based 
phenomenon, produced without the use of the visual cortex (Holcombe, 
MacLeod, & Mitten, 2004).  One of the reasons for this is that afterimages can be 
produced and observed in a single eye. If one eye is covered while being exposed 
to the stimuli, the effect will only be observed in that eye and not in the other 
eye. Furthermore, the afterimage is located at a particular point of the retina that 
remains relative to the eye in the same way the eye was exposed to the original 
stimulus (Gilroy & Blake, 2005). If we move our eyes the afterimage moves with 
them. If this were the case in film our saccadic movements, the rapid movements 
of the eye, would disrupt the overlay of images in the gaps between frames. In 
recent years the accuracy of this interpretation of afterimages has been challenged 
and as such potential avenues for greater understanding of the cinematic 
experience exist (Tsuchiya& Koch, 2008). 
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For instance, research conducted by a group of scientists at the University of 
California suggests that afterimages cannot be explained by theories of persisting 
retinal activity alone (Holcombe et al. 2004). The researchers conducted an 
experiment that involved producing an afterimage in subjects at scotopic (low 
light) levels. Under these conditions the scotoma region (blind spot) appeared 
different than its surroundings for a few moments before our vision fills in the 
region. The subjects were shown an image of a small grey ring around a smaller 
white circle against a background of half white and half black (bipartite). In the 
experiment an afterimage is produced by the white circle that fills in the scotoma 
region while the bipartite display is shown. When the eyes saccade over the white 
circle in the image the afterimage can be seen in the scotoma region. By looking 
at the reported brightness of different display conditions the researchers 
concluded that afterimages “represent the persistence of cortical representation 
in the absence of contrary information” (Holcombe et al. 2004, in presentation 
image). This suggests that the bright light that produces the afterimage makes the 
eye temporarily and locally insensitive, preventing new information about the 
image from being perceived. 
 
If positive afterimages are produced by an increasing retinal insensitivity to 
incoming stimuli, then the image does not persist upon the retina but in our 
perception. In this case the duration of the perception is determined by the 
period during which new information about the image is unavailable. Were the 
image to persist upon the eye for long enough to completely overlay the gaps 
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between frames then we would expect some form of ghosting or blurring to 
occur when the image frequency is increased. However, we know this is not the 
case. Image frequency has been increased successively over film’s history from an 
early rate of about 24fps to the contemporary rate of 48-72fps and no such effect 
has been observed. 
 
Positive afterimages are a combination of retinal and cortical processes. The light 
hitting the retina reduces the sensitivity of cones and rods to such an extent as to 
create a temporary scotoma (Holcombe et al. 2004, Bex, Crossland, & Dakin, 
2007). In the absence of new information the brain perpetuates the image 
perceived before the scotomatic effect took place, appearing to the individual as a 
persistence of visual stimuli. While the visual perception does persist, it is not 
because of a sustained experience of the original stimuli but instead the absence 
of information to suggest that the stimulus has changed. We must now ask how 
the perceptual experience of cinema removes the gaps between frames. We 
understand what frequency and luminescence is required for flicker in film to be 
imperceptible, but how does this occur? 
 
5.3 Flicker fusion 
 
Answering this question requires a closer analysis of flicker fusion and critical 
flicker fusion frequency (the threshold for perceiving flicker). The threshold for 
perceiving flicker in films is not an absolute, but a statistical one set at the point 
 120	  
where the flicker is detected in 50% of trials (Schwartz, 2009). The critical fusion 
frequency (CFF) is either a maximum or minimum frequency at which flicker can 
be observed. The frequency we will be looking at in film will always be a 
maximum threshold. The rate required for different circumstances and different 
visual systems varies as each condition and piece of the visual system has its own 
CFF. 
 
We must remember the scientific research on visual perception to properly frame 
the question. We must not think of this problem in terms of how our body is 
able to fill in the gaps produced by the projection, but instead move toward a 
theory of homogeneity wherein meaningful objects are perceived as continuous, 
not disrupted by the presence of visual gaps. 
 
In describing the phenomenon Yves Galifret (2006) describes two similar 
phenomena where our perception overlooks discontinuity to create a uniform 
perception: one of a tactile nature and the other involving visual spatial 
resolution. When working with wood a craftsman will sand down a piece of 
wood until it becomes smooth to the touch. This perceptual experience is 
incredibly limited in its sensitivity in attempting to measure the roughness of a 
surface. While the surface is still lacking detailed uniformity it will feel smooth to 
the touch. Our perceptual experience in this case is not wholly limited by a 
physical insensitivity to the minute changes in the surface however our perceptual 
system instead infers an absence of discontinuity. The same occurs when viewing 
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a picture printed from a dot-matrix printer with a high number of dots per inch 
(DPI). DPI is a commonly used measure of spatial density in images and video. 
Even at high DPI the image will contain almost 2% of space between printed 
dots, but instead of seeing the individual dots we see a unified and solid image. 
This demonstrates the tendency of our perception to overlook discontinuity in 
favour of establishing a unified whole. 
 
Galifret provides these two examples in which the “smoothness or uniformity is 
a property inferred from the absence of perceptible discontinuity” (Galifret, 
2006, pp. 383) to explain the process by which CFF occurs. He also describes the 
light bulb, which is very similar to film in relation to CFF and avers that, “the 
perceived steadiness of a light flickering at 100Hz is not, strictly speaking, the 
effect of a fusion but the absence of perception of the oscillation of brightness” 
(Galifret, 2006, pp. 383). The experience of watching a movie and seeing a 
continuous image as opposed to a flickering stream of light is not based on 
“providential ‘retinal memory’ filling in the gaps,” (Galifret, 2006, pp. 384) but 
instead due to an absence of sensitivity in our perceptual system to the change in 
luminosity at higher temporal frequencies. 
 
As has been seen a large part of the way we perceive a continuous image in film 
involves understanding the brain. The brain is structured to work within a system 
of continuous information, but also to make inferences about the constancy of 
objects during an absence in our perception of that object. When an object 
 122	  
moves behind something that blocks vision of it, we infer that either the object 
will continue as it did before or change based on our knowledge of the 
relationship between objects. We are able to track that expected motion until we 
are provided with evidence to the contrary. While this functioning is not the 
same as in flicker fusion, where the perception of visual stimuli continues, it too 
relies on mental inferences in order to interact with and perceive the world. This 
relates closely to biological motion detection systems, which will be examined 
later in this work.  
 
For every stimulus we are exposed to our brain searches for meaning (Freeman, 
2003). This process happens before we are consciously aware of the stimulus and 
before we experience the perception of it, even if only momentarily. The 
processes involved in this engage with incoming stimuli in such a way that 
preferences results that create a meaningful perception. Our brain does not 
perceive contrary stimuli when it is determined to be of a minute or irrelevant 
nature. The belief in the constancy of the world and our ability to identify 
objects, motion and space from our perceptual experience, allows cinematic 
flicker to be overlooked in the presence of more meaningful experience and in 
the absence of other contrary perceptual information. 
 
Several cognitive biases are rooted in the brain’s ability to analyse perceptual 
information before we become consciously aware of it. Change blindness is a 
phenomenon in which the brain overlooks changes in the environment, even 
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significant ones, because of a combination of how we develop representations of 
the world and the expectations we have about it. It is not expected that a gorilla 
dances among people passing basketballs or that the person you are speaking to 
would be replaced by another after a brief distraction as has been found to go 
unnoticed in several experiments (Simons & Chabris, 1999, Simons, Chabris, 
Schnur, & Levin, 2002). Considering this it is unsurprising that in the absence of 
information conflicting with the expected perceptual experience we do not 
perceive these changes. While it should be made clear that visual persistence and 
perceptual blindness are two very different cognitive processes, they each depend 
on the brain’s expectations about the world. 
 
Visual persistence can be explained by what we don’t perceive rather than what 
we do, and by the process by which the brain selects and analyses information to 
experience the world meaningfully. Instead of a blurring or superimposition of 
images, as many film theorists have suggested, visual persistence is explained by 
an absence. Rather than bringing two images together the brain selectively 
removes the information that separates them. Equipped with the best possible 
explanation of visual persistence given the evidence available, we are in a position 
to theorise on the implications of such a theory for our experience of film. 
Furthermore we are able to continue to evaluate the problem of apparent motion 
in cinema.  
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5.4 Motion detection systems 
 
By following the history and the evolution of theory on visual persistence 
phenomena and flicker fusion, we arrive at a clear and concise explanation of its 
process that dismisses the purely retinal basis of ‘persistence of vision'. The 
conception of retina-based visual persistence can be dismissed as an explanation 
of the process by which we perceive apparent motion in cinema. Furthermore, 
we are able to demonstrate that flicker fusion is not a necessary component of 
apparent motion in film given that early film projection rates allowed viewers to 
perceive the gaps between each frame while still experiencing apparent motion. 
 
It is important to look more closely at how we are able to see motion at all, and 
attempt to identify the structure and process by which we perceive motion within 
the cinema. While we may never understand the full extent of the processes 
involved, each piece of evidence contributes toward a more full and efficacious 
theory of apparent motion that guides the development of theories within film. 
 
There is a range of different ways in which we detect motion. We can infer 
motion from sound when the estimated position of a source changes relative to 
our body. We can perceive motion from our senses of balance and acceleration 
(vestibular sense and equilibrioception) such as when in a moving vehicle or 
whilst in free fall. My specific concern, however, is the body’s ability to visually 
detect motion and the components involved in creating the perceptual 
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experience. This is an important distinction for recognising the role the brain 
plays in filtering the received information. By separating the body’s reception of 
information and the individual’s conscious experience of the perception created it 
is possible to investigate how the perceptual system works. 
 
Most biological motion detection systems rely on perceiving temporal 
variations, but each has certain unique qualities that determine how the process 
works (Burr, 2002). The instantaneous retinal signal created when observing an 
object is unable to provide information about motion on its own. Instead the 
perceptual experience relies on evaluations of temporal variations in luminance. 
An image is analysed for the presence of motion by sets of motion detectors 
working in parallel. Each motion detector requires two spatially separate 
sampling units that are combined to allow the discrimination of direction from 
perceived motion. There must also be a delay between the two separate units for 
this discrimination to be made. 
 
Werner Reichardt was the first to formally model these principles in 1961 in what 
is now known as the Reichardt detector (fig. 1).23 This model shows a process of 
motion perception by two unique detectors (such as eyes), seen at the top of the 
model. In this model, two separate units of information have two different paths 
they can take. The directly vertical path in the model has a delay of ε, whereas the 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
23 Reproduced from “Motion Perception, Elementary Mechanisms” by David C. Burr, 
2002. Draft for the Handbook of Brain Theory and Neural Networks. Retrieved May 1st, 2011, 
from http://win.pisavisionlab.org /Downloads/motion_burr.pdf 
 
 126	  
other diagonal path offers a direct link to M. By using one or the other path the 
units of information can be combined with one unit slightly delayed with respect 
to the other. Further, the particular path used correlates to the direction of the 
motion being perceived with the delay occurring at the coinciding side (leftward 
motion is detected with a delay at the left unit and rightward motion with a delay 
at the right unit). 
 
Figure 1. Reichardt Detector. 
 
 
 
 
The Reichardt detector illustrates the most basic element of motion detection. By 
combining staggered stimuli in a meaningful way the brain is able to produce the 
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perception of motion and an awareness of direction. At this level it is difficult to 
see what implications this has for our experience of apparent motion within the 
cinema, but understanding this part of the process helps us appreciate the whole 
range of factors involved. If we ignore the elementary and foundational 
principles of motion detection and motion perception we risk removing the 
conclusions we make about the phenomena from their effective context when 
applying the ideas to film. Scientific theories of physiological and mental 
processes are the best available explanation of the phenomena. Removing them 
from the exact context they have been established within, because of a lack of 
understanding of the foundational principles of a theory, is a serious risk, 
especially when applying knowledge in an interdisciplinary way. For the theory to 
continue to act as an explanatory tool for theorising within film we must be 
circumspect in our application of it. 
 
Reichardt’s model of motion detection led to the development of specific models 
of human motion detection (Burr, 2002). Research on visual processing utilised 
Fourier analysis24 to reveal the presence of spatiotemporal filtering during the 
early stages of stimuli processing (Burr & Ross, 1986, Burr, Ross, & Monroe, 
1986). The spatiotemporal filters, known as receptive fields, are necessary for 
motion detection and play a pivotal role in the encoding of objects in motion in 
perceptual experience. A dysfunction in this process results in disorders such as 
akinetopsia, which will be discussed later in this chapter. In the cinema the viewer 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
24 Fourier analysis is a way of decomposing complex mathematical functions 
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is consciously aware of the simulated nature of the objects they see. This leads to 
the question of how the brain encodes the objects of the perceptual experience 
of film and in what way this process is dependent on motion detection systems. 
This question cannot be answered definitively given current scientific 
information about the perceptual system. Nevertheless it is important to the 
study of how motion is perceived in film. 
 
It is necessary to develop classifications of different motion types if one is to 
argue that different motion stimuli vary in their effects, such as apparent motion 
from real motion. One of the earliest classifications of motion types involved the 
creation of the categories of short-range and long-range motion (Thornson, 
Lange, &Biederman-Thornson, 1969). Short-range motion detection is used for 
observing small and complex units moving relatively minor distances, whereas 
long-range motion detection is used for large and simple units moving 
considerable distances. Joseph and Barbara Anderson offer short-range motion 
as the explanation for motion perception in cinema when addressing the problem 
of persistence of vision (Anderson & Fisher, 1978). They establish that apparent 
motion in film fits the categorical definition of short-range motion and determine 
that the same system is used to detect both cinematic and real motion. The 
conclusion Anderson and Anderson come to is of great merit however the 
concept of short-range motion is ultimately flawed. 
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Theories of short-range and long-range motion have been deemed inadequate for 
the purposes of scientific research. Patrick Cavanagh (1991) critiques the 
application of these categories to motion detection theories and dismisses the 
distinctions made by the categories as invalid. He criticises the use of mutually 
exclusive stimuli-based classifications to describe two separate but 
unsubstantiated systems within the human perceptual system. That is, short-
range and long-range motion are defined in terms of categorical differences 
between external stimuli. Attributes (e.g. simple/complex, large/small) 
corresponding to external stimuli cannot be assumed to be perceived by 
dedicated motion detection systems within the brain. When differences are found 
in the performance of motion detection based on different stimuli these 
variations could be attributed to one of two things. The first involves the motion 
detection process being contingent on a particular stimulus. The second involves 
visual variations of stimuli working within the same process. The distinction 
between short-range and long-range motion should be observable by looking at 
these two possible hypotheses, as the two categories are defined by mutually 
exclusive stimuli.  
 
Cavanagh demonstrates the error in these hypotheses by providing a simple but 
effective metaphor for the interaction of these categories with certain stimuli. In 
the Superman comics Clark Kent and Superman are assumed to be different 
entities because of their contrasting attributes, just as proponents of short-range 
and long-range motion use attributes to categorise motion detection in terms of 
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two unique brain processes. Lois Lane, on the other hand, attempts to distinguish 
Clark Kent from Superman by observing each at the same time. Since the two are 
the same person it is impossible for her to do so. That is, since the categorical 
definitions of short-range and long-range motion are based on mutually exclusive 
classifications it should be impossible for the two systems to be observed at once 
by the same stimuli. Cavanagh goes on to prove the existence of stimuli that do 
activate both groups at once, which invalidates any classification based on 
purported mutually exclusive stimuli qualities. 
 
Contemporary classifications of different systems involved in motion detection 
and perception have been more rigorous. These involve concepts of first order 
and second order motion (Chubb &Sperling, 1988). First order motion describes 
the detection of motion based on a difference in luminance between the object 
and its surroundings, such as seeing a black bird move against a blue sky or a 
person’s shadow moving across grass. This motion is detected by the simple 
motion detection units described by Reichardt. These units detect motion as a 
change of luminance and when this change correlates to a similar change 
detected by a neighbouring unit the result is a perception of motion. First order 
motion can be described as the detection of luminescent change in a 
spatiotemporal environment, achieved by correlating changes across multiple 
detection points. 
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Second order motion is motion detected by changes in visual features that do not 
include a change in luminosity, such as differences in texture or contrast. In 
second order motion, the object is only distinguished from its surroundings by 
the presence of motion, that is to say it is imperceptible as an object unless it is 
presently in motion. There is strong evidence to suggest that first and second 
order motions are distinguished early in the brain’s process of interpreting 
motion. Functional Magnetic Resonance Imaging (fMRI)25 of the occipital cortex 
in the brain has revealed that the two orders of motion detection utilise different 
parts of the system with a reliance on specific components within that system 
(Smith, Greenlee, Singh, Kramer, & Hennig, 1998). The two orders of motion 
detection can be stimulated simultaneously when objects fulfilling both criteria 
are presented within the scope of an individual’s vision. In this case, the signals 
for first and second order motion appear to be re-combined late in the process of 
motion detection in a part of the brain involved with the visual system. 
 
By examining the distinctions between first and second order motion it becomes 
apparent that cinematic motion fits into the category of first order motion. 
However, jumping to such a conclusion would leave certain properties of second 
order motion unexplained. For instance most examples of second order motion 
are produced using video on television screens or computer monitors. In fact, 
second order motion would be no more difficult to simulate in film than in any 
other medium. This has two implications. The first is that cinematic motion is 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  25	  Functional Magnetic Resonance Imaging (fMRI) is a neuroimaging procedure that 
maps changes in blood flow in the brain to measure brain activity.	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not connected to any particular motion detection system and instead is treated by 
our perceptual system as if it were the motion it simulates. Secondly, this would 
place filmic motion firmly in the realm of first order motion, but with the caveat 
that it does not require a unique motion detection system and instead is 
understood by the same systems used to perceive real motion. Writing and 
theorising on the concepts of apparent and sampled motion, two forms of 
motion important to film, further supports the idea of motion in film being 
perceived in the same way as real motion. 
 
5.5 Apparent motion as sampled motion 
 
The motion we detect at the cinema is a particular type of motion known 
commonly as apparent motion; however a more accurate description of the 
phenomenon would be sampled motion. This is because the motion is simulated 
by images sampled at the rate at which motion is perceived. For most of the 
duration of film history the explanations offered for the phenomenon utilise a 
unique system that processes this simulation and transforms it into the 
perception we experience at the cinema but contemporary research shows little 
evidence to suggest this is necessarily so. It seems strange that the question took 
so long to be posed but why should we assume that simulated or ‘sampled 
motion’ must be processed differently to real motion? The answer is simple 
enough; sampled motion does not have to be processed differently to real 
motion. 
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In most known motion detection systems that incorporate spatiotemporal filters, 
motion is perceived as long as the sampling rate is high enough based on the 
particular sensitivity of each system. For sampled motion the spatiotemporal 
trajectory is determined by changes in a row of dots in successive images. 
According to Burr and Ross “if the spatiotemporal receptive fields are orientated 
parallel to this trajectory, they will integrate the discrete samples, effectively 
causing the motion to become continuous” (Burr & Ross, 2002, pp. 5). This is to 
say that in terms of cinematic motion, sampled motion is effectively perceived as 
smooth continuous motion. 
 
The minimum sampling rate required to create the perception of smooth motion 
is at least double the temporal frequency of motion within the image (Burr & 
Ross, 1986). Any rate of sampling below this threshold will create aliasing effects 
as the information given on an object is at odds with the action occurring. This is 
commonly known as the wagon wheel effect described earlier where the 
sampling rate aligns with the motion in such a way as to appear to remain still 
while in motion (as the sampling rate aligns with the temporal rate of the turning 
object such that the object returns to a starting point at each sample). It is 
possible to quantitatively determine the rate of sampled motion required to create 
the perception of smooth motion by analysing linear systems and contrast 
sensitivity (Burr et al. 1986). 
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So it appears that cinematic motion simulates real motion and that it also fits into 
first or second order motion based on the same classifications as any instance of 
real motion. While this has broad implications for film theorising (particularly in 
dismissing previous theories dependent upon some pre-established conception of 
motion perception) the evidence is never fully conclusive. The above 
explanations represent the best available conclusions drawn from the evidence 
available. Theorists must continue to observe the evolutions of these theories as 
they change within the scientific field they come from. Further, theorists must be 
cautious with the conclusions they jump to from the conclusions made by these 
theories. 
 
It would be a mistake to assume that because our bodies use the same motion 
detection system to perceive motion in film, we are unable to distinguish 
cinematic motion from real motion. While our motion detection system is not 
equipped with sensitivity to distinguish between the factors that allow us to 
simulate motion and those that occur in daily life our visual and perceptual 
systems provide us with many other clues that allow us to determine that the 
motion taking place on the screen is not real. While cinema uses many of the 
depth cues we experience in real life we remain at least peripherally aware of the 
flat nature of the screen. For all motion towards or away from the viewer shown 
in films it is possible to determine the simulated nature of the motion by the lack 
of retinal binocular disparity or stereopsis (a difference between the image 
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perceived by one eye in comparison to the other, the very component of depth 
perception that 3-D technology targets).  
 
So we know that the physiological experience of film includes a percept of 
motion as if it were real but a disparity in depth cues that suggests the depth and 
motion is not real. Other components of the experience of film produce 
responses that mirror real world experiences. Films can produce a wide range of 
emotional responses, many of which carry with them physical manifestations. 
Physiological responses can include the shortening of the breath, a quickening of 
heart rate, the drying of the mouth or a rush of adrenaline among many others. 
However, at the same time there are other responses that do not occur. Viewers 
do not call their loved ones to say goodbye when they see an asteroid headed for 
earth. They do not call the police when they witness a crime. The distinction in 
this case may be that the former are all purely physiological responses whereas 
the latter require conscious thought. How then might this split occur and how is 
it that viewers experience film as both simulation and reality? Further, what 
implications might this have for understanding the experience of film and the 
human perceptual system? There is the potential to investigate these questions 
further through experimentation and research that can benefit from 
contributions from science and from film studies.  
 
Cinema works in scales and angles with cuts and edits completely impossible and 
unachievable in our normal perceptual experience of the world and as such we 
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remain aware, at least on some level, that what we are watching is a film and not 
a real window into the world. Even at a level of conscious awareness outside of 
our perceptual experience we remain somewhat aware of the nature of the 
cinematic simulation because of the ritual, the space, and all other factors that 
confirm to us that we are at the local theatre or at an outdoor screening. Despite 
this awareness we still respond in ways that suggest that for some of our 
perceptual system and responses the experience is as real as any other. 
 
This experience of motion as real has been observed by a number of theorists 
within film such as Christian Metz (1974/1991) and Tom Gunning (2007). Tom 
Gunning takes this discussion further by addressing unreal motion arguing that 
motion “need not be realistic to have a ‘realistic’ effect” (Gunning, 2007, pp. 46). 
Gunning advocates further experimental and phenomenological examination of 
the role of motion in the experience of film. He sees motion as an integral 
component in shaping the fundamental experience of film and to this end, the 
physiological and psychological systems that engage motion are of the utmost 
important to understanding film. I too seek to improve understanding of the 
experience of film by utilising scientific research and methods to address these 
physiological phenomena. 
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5.6 Perceptual neurological disorders 
 
Neurological disorders and damage to particular parts of the brain cause a 
disruption in the normal functioning of the body’s systems. By studying cases 
where an individual’s systems no longer function in the ways we would normally 
expect we could illuminate traits of the process that are otherwise elusive. For the 
study of our perceptual system and in particular the study of motion detection it 
is worth looking at the, admittedly, rare cases where individuals lose normal 
perceptual functioning in relation to how they perceive motion. In particular the 
study of how our motion detection system works in the cases of cerebral 
akinetopsia and the Riddoch phenomenon offer insight and support for certain 
theories. Patients who suffer from akinetopsia are unable to perceive objects that 
are in motion and patients who suffer from Riddoch syndrome have difficulty 
perceiving anything that is not in motion (Zeki & Ffytche, 1998). 
 
Cerebral akinetopsia, otherwise known as motion blindness, is the neurological 
disorder normally caused by damage to particular parts of the brain that causes an 
individual to be unable to perceive objects in motion. These individuals have no 
difficulty perceiving other visual qualities (such as colour, depth and even flicker 
detection) and are able to perceive static objects perfectly but are effectively blind 
to objects in motion. Of particular interest to research on film is the fact that 
individuals with akinetopsia are unable to follow motion within cinema. One 
patient described how objects would simply disappear once in motion and return 
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once still again whilst watching television. They are able to see static scenes in 
film but are unable to follow motion on the screen (Pelak& Hoyt, 2005).  
 
The study of disorders like akinetopsia comes from close analysis of individual 
patients. One patient in particular, known as LM, has been the source of most 
research into the disorder. Throughout the course of studies run with LM, one 
involved testing LM’s ability for the detection of apparent motion. When testing 
LM’s ability to perceive motion in the phi phenomenon the researchers found no 
combination of conditions could elicit a perception of motion in the subject 
(Zihl, von Cramon, & Mai, 1983). The apparent motion of the phi phenomenon 
produced an indistinguishable experience to LM suggesting the two types of 
motion are not separated in the brain. In regards to the experience of motion for 
patients suffering from this disorder, cinematic motion acts exactly the same as 
real motion, providing credence to the theory that the same motion detection 
systems are used when watching film as in our daily life. 
 
Further evidence for cinematic motion being perceived as real motion comes 
from the experience of individuals suffering from Riddoch’s syndrome. 
Riddoch’s syndrome is an ocular affliction that limits an individual’s ability to 
detect objects to a select few cases of motion. Strangely, with Riddoch’s 
syndrome individuals report being able to detect motion despite not being able to 
perceive the object. They are able to discern the occurrence of motion but are 
unable to describe the object in motion’s colour or shape. Individuals with the 
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syndrome are also able to detect the motion from television and film despite still 
not being able to perceive what is actually moving. This is part of a phenomenon, 
described by Semir Zeki as gnosanopsia, where an individual has visual awareness 
of a stimulus however is unable to discriminate on its feature, colour or even the 
direction of motion (Zeki &Ffytche, 1998). This disorder seems to suggest that as 
far as our motion detection system is concerned the motion in film is equivalent 
to that of real motion in regards to our perceptual experience of it. 
 
5.7 Apparent motion as real motion 
 
We arrive at a point where our original speculation on the role of ‘persistence of 
vision’ in our experience of film begins to arrive at some form of resolution. 
‘Persistence of vision’ is not an adequate explanation for apparent motion in film 
but may be relevant to a different phenomenon involved in our experience at the 
cinema. It is possible visual persistence phenomena could explain how we are 
able to observe film as a continuous sequence of images however the term 
‘persistence’ is misleading. Flicker fusion occurs due to an absence of 
contradictory information rather than the persistence of existing information and 
is primarily a cortically based phenomenon rather than a retinal one.  
 
Apparent motion in cinema is better described as ‘sampled motion’ as it is a 
temporal sampling of images, shown in succession, to create the perception of 
motion. Sampled motion is detected and perceived using the same systems as real 
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motion. It is indistinguishable from real motion by the systems used to detect 
and perceive motion. When motion is simulated in cinema the viewer uses the 
motion detection system relevant to the particular type of motion being 
simulated (first and/or second order motion) suggesting that film as a medium 
goes unregistered in terms of a perceptual experience of motion. Our ability to 
perceive a series of images as continuous and to perceive motion within the 
image is influenced in part by our brains attempt to filter incoming information 
into meaningful percepts. This search for meaning and the absence of a unique 
motion detection system for cinematic motion suggests a perceptual experience 
dependent on the very same systems as our percepts from everyday experiences. 
 
This may seem a rather impotent conclusion to arrive at. It does not provide any 
sort of resolution as to what the experience of the percept of motion has for the 
larger experience of film, only a dismissal of certain ideas previously offered. 
However, by identifying the system through which motion is detected and 
through an understanding of how that system works it is now possible to more 
closely and efficaciously examine how the experience of film is affected by this 
phenomena. Previously this could not occur as focus remained on a search for a 
unique perceptual system designed for perceiving the kind of motion produced 
by cinematic projection. Further it allows for a re-examination of historical 
conceptions of motion perception within film theory. The following chapter will 
look to explore a number of theorists’ claims about the experience of film and 
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how their theoretical conceptions can be viewed given a contemporary scientific 
explanation of the relevant phenomena to their theory. 
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6. Theoretical engagements with ‘persistence of vision’ within film 
 
There are many advantages to meaningfully engaging scientific research within 
the investigation of film, a number of which have already been addressed. The 
concerns and focus of scientific inquiry can overlap with film research with 
regard to subject, intention and purpose. The method used to investigate a 
problem differs between the two fields, but with the methodology previously 
outlined it is possible to utilise the contributions of both fields to develop an 
understanding of the experience of film. Scientific ideas have played an integral 
role in the development of a number of theories of film and have helped shape 
how problems and questions of film are approached. The addition of scientific 
ideas and research to aspects of film theorising provides the potential for unique 
insights into the medium, particularly the physiological aspects involved in 
viewing film. 
 
In the fourth and fifth chapters the history of ‘persistence of vision’ is traced 
from its beginnings in Aristotle’s interest in after-images to contemporary 
explanations of human motion detection systems and flicker fusion. This case 
study of ‘persistence of vision’ demonstrates the development of scientific ideas 
over time and the way those ideas have been disseminated within the academic 
study of film. The results of this highlight a need for rigour and precision when 
dealing with complex physiological systems. Changes to the framing of the 
problem have had profound impacts on the way the relevant phenomena are 
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understood. The difficulty seen here of developing an accurate explanation of 
something as fundamental to film as motion emphasises the complexity involved 
in understanding the physiological components of the experience of film. 
 
Given the complexity of the perceptual system and the diversity of ways in which 
film can engage an audience physiologically, the development and application of 
theories of the experience of film may struggle to take account of the experience 
in its entirety. This chapter will present a continued examination of visual 
persistence phenomena and motion detection by analysing some of the 
theoretical work produced within film that engages with these problems. I will 
examine a number of important thinkers within film, with analysis of individual 
essays that explicitly invoke ‘persistence of vision’ in their explanation of the 
experience of film. Further, physiological explanations of processes involved in 
the experience of film will be utilised to critically engage some of these works. In 
doing so, it is intended that some of the challenges encountered in describing the 
experience of film, especially when applying theories of ‘persistence of vision,’ 
may be addressed. I will also highlight theoretical work that attempts to integrate 
scientific ideas and examine what factors determine the results of such attempts. 
By looking at the results of previous attempts to theorise on the experience of 
film by incorporating notions of ‘persistence of vision’ or its contained concepts, 
it is possible to further substantiate the need for the methodological approach 
outlined in this thesis when analysing film in this capacity. 
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Methodology is an incredibly important aspect of theoretical work, and this 
chapter will seek to illuminate methodological choices made by theorists in their 
attempts to engage scientific research and the results they achieve in doing so. 
Critical evaluation of methodological approach should be a core component of 
theoretical practice, irrespective of an engagement with science, but of particular 
necessity in that context. With the progression of ideas of motion detection and 
flicker fusion having been traced throughout the sciences in the previous two 
chapters, analysis of the work of the theorists that followed allows insight into 
the impact these scientific developments have had on theories of film. 
 
6.1 Historical theories of visual persistence and motion within film 
 
First and foremost it must be reiterated that the focus of this work is on the 
potential for a strengthened engagement between film theorising and the 
sciences. For that reason much of the work applies only to a small subset of 
theoretical work within film, but it is an area with great potential for growth. 
How then is it possible to examine historical theories of film created over a broad 
range of contexts in relation to scientifically informed film theorising? To do so 
requires an analysis of contextual factors involved in the production of a theory 
and an examination of the contemporary role such theories play in informing 
opinions within the academic discipline today. Film theory as a formalised 
academic discipline covers only the last 50 or so years of writing on film, and 
even then encompasses wildly differing opinions on the goals and values of 
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theorising about film. The role of writing on film has changed continually over 
time and as such a different set of intentions and assumptions apply to works 
throughout the history of writing on film. 
 
From film’s conception, a great deal of writing has focused on the elements of 
the cinematic image and the experience of film, with particular emphasis on 
establishing the medium as an art form in its own right.26 When describing the 
experience of film and making empirical claims about the viewer, the viewer’s 
cognitive processes and the visual system, claims must be supported by the best 
available evidence. At times, theoretical and empirical claims must be viewed 
separately in order to properly evaluate some of the historical examples of 
theorising that are presented in this chapter. This is not to suggest that works be 
dismissed simply for reasons of empirical accuracy. Instead, these works must be 
seen as contextually produced theories in order to identify what about these 
works continues to play an important role to our understanding of film, and what 
is no longer valid or supported by evidence. 
 
‘Persistence of vision’ continues to be mischaracterised or misrepresented, 
although rarely, in contemporary usage within a number of fields. To highlight 
how an accurate conception of motion detection and flicker fusion interacts with 
film theory I will address any such errors in the historical work analysed. I will 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
26 Establishing film as both a unique art medium and as a medium worthy of academic 
study was the focus of a great deal of film theorising for a number of decades. Examples 
of this can be found in the writing of Hugo Munsterberg (1916/1970), Sergei Eisenstein 
(1929/1951), and Jean-Louis Baudry (1974), among many others. 
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attempt to identify when such errors arise due to the available evidence and 
theories of ‘persistence of vision’ having since been corrected so as to more 
clearly distinguish the role of methodological approaches utilised by film 
theorists. The nature of theorising on physiological phenomena such as 
persistence of vision has dictated that approaches that seek scientific sources for 
their understanding find the most success in accurately describing this particular 
process in film, providing subsequent theorising with solid empirical grounding. 
 
6.2 Film theorising and ‘persistence of vision’ 
 
‘Persistence of vision’ and its components have informed the development of 
many theorists’ work throughout film’s history. The theorists discussed within 
this chapter have all developed theories from an understanding of the experience 
of film as described by early 20th century conceptions of ‘persistence of vision.’ 
What follows is an exploration of the implications of work that engages the role 
of perceptual systems in the experience of film. Specifically, this will begin with 
an examination of Hugo Munsterberg’s work on how the brain actively 
constructs perception of motion and fills in gaps. Subsequently I will discuss 
Sergei Eisenstein’s theory of collision and montage to demonstrate the 
ramifications a re-examination of the physiological processes of visual persistence 
and motion perception has for his ideas. André Bazin too discusses ‘persistence 
of vision’ as the basis of the viewer’s perception of motion at the cinema, 
however challenges to the accuracy of this fundamentally undermine the premise 
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of Bazin’s theory. Following this I will investigate Jean-Loius Baudry’s discussion 
of the role of difference in the perception of motion in film and the role of the 
cinematic apparatus in the experience of film. Finally, I will look at Christian 
Metz’s theorising of identification in film and the role of motion perception at 
the cinema and conclude the discussion of ‘persistence of vision’. 
 
6.3 Superadding motion by the viewer 
 
Hugo Munsterberg is one of the first theorists in cinema’s history to apply a 
scientific methodology when attempting to understand the experience of film. He 
was born in Germany but spent most of his academic career in the U.S. working 
at Harvard from 1892 to his death in 1916. He used his expertise as a 
psychologist to inform and shape his theorising on film. In his Photoplay 
Munsterberg (1916/1970) argued that film was an artistic form in its own right, 
asserting a definitive distinction between the formal qualities of the medium and 
existing mediums such as theatre. This was a contentious issue, with many writers 
for decades to come focusing efforts on validating the medium as an artistic 
form. Extending his discussion of the formal qualities of film, Munsterberg 
applied details of the human perceptual system and cognitive processes to 
understanding how film is experienced.  
 
Munsterberg (1916/1970) dismisses the idea of ‘persistence of vision’ as an 
appropriate and comprehensive explanation for apparent motion. By drawing on 
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scientific research in motion perception, particularly that of Wertheimer (1912), 
Munsterberg attacked the belief that the after image caused by visual persistence 
was responsible for apparent motion. He believed that visual persistence 
phenomena could account for why we see an uninterrupted sequence of images 
without noticeable gaps of black (flicker fusion) but that it could not explain why 
we see motion between two distinct images shown in quick succession. 
Munsterberg proposed a process whereby the individual viewers’ brain was 
“filling-in” (Munsterberg, 1916/1970, pp. 29) the gap in the difference in location 
of an object and perceiving movement between those two locations. He 
suggested that such apparent motion was “not seen from without, but is 
superadded, by the action of the mind” (Munsterberg, 1916/1970, pp. 29). The 
strength of this theory and its historical importance comes from the shift in 
thinking from a retina-based explanation of motion in film to a cortical one. 
 
Despite this challenge to ‘persistence of vision’ and to the adequacy of the theory 
in describing the experience of film, there was to be little change in the writing 
on film that followed. As will be seen in the following discussion, only Eisenstein 
fully embraces this conception of viewer engagement at the cinema and, 
unfortunately, does so with no reference to the source of such knowledge. This 
may be explained in part by how little attention Munsterberg’s work received in 
the decades following his death. Munsterberg did not see his first film until 1915 
and passed away later the following year. This meant he had little time to develop 
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and refine his theories on film and left only a small body of writing on the 
medium.  
 
Further hindering the impact of Munsterberg’s work were his sympathies 
towards German policies leading up to and during the First World War (Landy, 
1992). Up until the 1970s his name was rarely mentioned in film theory and over 
this time his theories drew little attention within psychology.27 This is particularly 
unfortunate as his theories were directly engaged with persisting problems of film 
and offered ideas that would not be reiterated for more than half a century within 
film. Joseph and Barbara Anderson (1993) highlight this, pointing to the number 
of works from as late as 1992 that rely on a “myth” about our perceptual system, 
discredited by Wertheimer and Munsterberg at the start of the twentieth century.  
 
While Munsterberg’s description of the phenomena involved in viewing film was 
based on the most current research of his time, those descriptions are no longer 
accurate. His work offered a change in thinking on these problems and proposed 
systematic experimentation to further investigate the phenomena, however he 
died before he was able to take any steps toward this goal.  
 
According to Munsterberg, the viewer is an active agent in the experience of film, 
contributing to her or his own experience of the work internally. He writes, “not 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
27 Landy analyses citations of Munsterberg’s work after his death and finds that on close 
analysis the number is “not very impressive for a figure who shared centre stage for 
applied and industrial psychology for the previous decade” (Landy, 1992, pp 787-788). 
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the physical means and technical devices are in question, but the mental means. 
What psychological factors are involved when we watch the happenings on the 
screen?” (Munsterberg, 1916/1970, pp. 17). Physiological issues arise when 
attempting to answer questions of how we perceive depth and movement in film 
without referring to internal practices. Since the screen in cinema is a flat object 
kept a static distance from the viewer it falls to reason that the visual system must 
draw on cues other than physical distance to allow depth to be perceived in 
film.28 Munsterberg dismisses the idea that this experience of depth is illusory in 
nature and argues that the very process involved in perceiving the world involves 
some internal construction, as with apparent motion (Fredericksen, 1973). He 
argues that “a characteristic content of consciousness must be added” 
(Munsterberg, 1916/1970, pp. 26) for us to perceive depth in the film image, and 
suggests that we draw on cues within the image to produce that depth. 
Contemporary research suggests that there are a number of components to the 
way we perceive depth, only two of which are based on our eyes’ ability to 
determine the distance of an object based on physical spatial distance.29 
 
The film medium has unique technical qualities that distinguish it from other 
forms of expression. By focusing on what distinguished film from other forms of 
expression as opposed to its common features, Munsterberg aimed to further the 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
28 The role of monocular depth cues has been studied in film, photography, painting and 
drawing. Perspective, lighting, texture, and knowledge of objects shown can all influence 
depth perception. In film motion also plays an important role in producing a perception 
of depth (Ferris, 1972). 
29 Convergence and stereopsis are binocular cues used to perceive depth (Howard & 
Rodgers, 1995). 
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case for film as an art form. He looked at the unique technical qualities of film as 
external reproductions of mental processes. He proposed that the close-up was 
described as an externalised focusing of attention, the flashback as a recollection 
or moment of remembering, and time-lapse photography as the feeling of time 
having slowed down. Munsterberg describes how he believes viewers 
automatically understood these cinematic techniques and how the techniques 
mirror the form of viewers’ own mental processes, however is unable to offer 
much evidence to support such claims. He went on to argue that these 
techniques brought film away from realist depictions of the world and instead 
grounded it firmly in the personal experience of the mental world. The ability to 
play with time and space in a way no other medium had before gave film 
audiences a whole new experience in which events were changed “to the forms 
of the inner world, namely attention, memory, imagination, and emotion” 
(Munsterberg, 1916/1970, pp. 74). 
 
By arguing that film techniques directly engaged mental processes Munsterberg 
provided further justification for the existence of a cognitive system that 
specifically engaged motion in film. Munsterberg described the perception of 
motion in film as identical to the phi phenomenon discovered a few years earlier 
by Wertheimer. Munsterberg believed this specialised type of apparent motion to 
be invoked due to the cognitive engagement with the visual perception produced 
by film projection. His ideas on apparent motion in film and the effect of 
cinematic techniques both sought to set the cognitive processes involved in the 
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experience of film to the forefront of theorising. 
 
It should, however, be noted that the phi phenomenon does not account for 
motion in film, as detailed previously in the fourth chapter. In addition it is 
unlikely that film techniques are understood for some innate relationship 
mirrored in the processing of the brain as Munsterberg suggests. A play 
performed in the theatre may use a spotlight to represent the focusing of 
attention, can have actors move at different speeds to represent a different 
experience of time, or may act out previous events as a flashback in the 
background of the stage. These examples are in no way perfect but are intended 
to illustrate the possibility for medium specific techniques to be employed in 
representing a number of internal experiences. What may be unique in film is the 
way it engages and interacts with attention and memory. Does film change the 
way attention is drawn and focused and if so, how? Has film influenced the way 
memories are stored and what implications this might have? These kinds of 
questions can only be addressed by considering the physiological impact of film 
and by incorporating our understanding of the cognitive processes involved in 
perceiving film, the very thing Munsterberg sought to highlight the importance 
of. 
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6.4 Collision theory 
 
In A Dialectic Approach to Film Form Sergei Eisenstein details his opinion of the 
role of montage in cinema and the conceptual implications of its technical 
mechanics. He asserts that “[m]ontage is an idea that arises from the collision of 
independent shots” (Eisenstein, 1929/1951, pp. 4). This statement is preceded by 
the claim that by understanding montage we may “solve the specific problem of 
cinema” (Eisenstein, 1929/1951, pp. 3). Eisenstein attempts to understand the 
fundamental quality and role of cinema as a form through an analysis of 
montage. This analysis begins by asserting that “shot and montage are the basic 
elements of cinema” and that “montage has been established as the nerve of 
cinema” (emphasis in original, Eisenstein, 1929/1951, pp. 3). 
 
Eisenstein builds his theory of collision from a description of how the viewing 
experience occurs. He notably rejects previous conceptions of ‘persistence of 
vision’ that rely on a blurring together of images on the retina to describe the 
viewing experience. Instead, he proposes that the collision of two images can 
provide an explanation for how we perceive motion in film. For Eisenstein, 
“each sequential element is perceived not next to the other, but on top of the 
other” (emphasis in original, Eisenstein, 1929/1951, pp. 4). While this may be 
presented as a possible explanation for visual ‘persistence,’ the claim does not 
establish how it relates to motion perception or in what way motion perception is 
achieved through collision (Bordwell, 1993). Eisenstein’s interpretation of the 
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visual phenomena involved in film does not provide adequate detail for close 
analysis of the physiological mechanics he believes this phenomenon to occur by. 
If his theory of the physiology involved in experiencing montage tried to assert 
that images were perceived on top of each other – that is, simultaneously 
occupying the same space – then we would expect to see some form of ghosting 
at higher frame rates. As frame rates increase, assuming the duration of 
persistence was constant, a greater number of images would be seen “on top of 
the other.” This conception of the physiological experience of visual persistence 
in film may produce an experience of images not dissimilar to the futurist work 
of Giacomo Balla and his painting of “man with six legs in six positions” 
(Eisenstein, 1929/1951, pp. 5).   
 
However, it may be that Eisenstein had considered this possibility and instead of 
suggesting that visual persistence was constant, as may be assumed from the 
above line of thinking, believed the brain capable of interacting with projections 
of film in such a way as to construct meaningful percepts. This is to say, 
Eisenstein believed the brain played a vital role in how percepts were experienced 
as vision. This idea diverges significantly from predominant conceptions of 
‘persistence of vision’ in Eisenstein’s time and correctly frames the relationship 
between stimulus, brain, and experience. This reading of Eisenstein’s idea that 
the brain plays an active role in shaping stimulus into meaningful perceptions is 
supported by the description of collision that follows in his work. 
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Eisenstein identifies examples of the collision process and its effects in a range of 
different mediums. Eisenstein describes the occurrence in Japanese and Chinese 
writing whereby “a concrete word (a denotation) set beside a concrete word 
yields an abstract concept” (Eisenstein, 1929/1951, pp. 4) or another way, two 
wholes are combined in a way that changes them when combined. In the same 
way, when two separate images are perceived together their combination creates 
something more than the sum of its parts. This is because in the physiological 
process something is added or changed by the brain to create the experience. 
According to Eisenstein this addition “engenders... the feeling of motion” 
(Eisenstein, 1929/1951, pp. 4). As established in previous chapters, this is not 
just a feeling of motion but an experience built on the same systems used to 
perceive real motion.  
 
Eisenstein develops his idea further to suggest that conflict and incongruence are 
at the core of this experience. He avers that the “degree of incongruence 
determines intensity of impression” (Eisenstein, 1929/1951, pp. 4) as well as 
constructing the tension between images that allows for a cinematic rhythm 
between shots. Eisenstein’s framing of incongruence continues to suggest 
cognitive interaction with stimuli by viewers and is compatible with Holcombe’s 
(2004) description of visual persistence as an absence of contrary information. 
Difference between images is required for the production of motion in film, and 
through an absence of contrary information distinct images form together in a 
meaningful way. The importance of a distinction between images is addressed in 
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the writing of Jean-Louis Baudry in his description of “difference negated” 
(Baudry, 1974, pp. 42) which will be addressed in the following section. 
 
Eisenstein’s theory of collision fits within an understanding of physiological 
systems that opposes much of the cortically based explanations predominant 
among other writers on film at his time. In regard to his methodology, it is 
unfortunately unclear where he draws this understanding of the experience of 
film from and possibly because of this his description of the physiological 
processes must be inferred somewhat. It is, however, clear that Eisenstein sought 
to bring together the two fields of study, a “synthesis of art and science” 
(Eisenstein, 1929/1951, pp. 16). It is this synthesis of art and science that my 
thesis, too, is devoted to. Its aim is to develop a methodology for engaging the 
two fields simultaneously, and making explicit the methods it uses and the 
reasoning behind them. 
 
6.5 The invention of cinema 
 
André Bazin’s work attacks much of the theoretical work produced by 
Eisenstein. He was a French film critic and theorist working primarily in the 
1940s and 50s and wrote in strong opposition to many of the aesthetic, structural 
and theoretically motivated choices made by Eisenstein and other formalists 
within their films and their writing. Bazin took issue with filmmakers’ attempts to 
control or manipulate the spectator, instead arguing for a focus on objective 
 161	  
reality (Andrew, 1990, pp. V-XVII). In this way the viewer is responsible for their 
interpretation and understanding of any given scene or film. However, this active 
engagement does not extend to Bazin’s description of the physiological 
experience of film. 
 
In his essay The Myth of Total Cinema Bazin (1967) uses ‘persistence of vision’ as 
an explanatory theory for all components involved in producing an experience of 
the moving image at the cinema. He suggests that the “persistence of the image 
on the retina” (Bazin, 1967, pp. 19) had been studied scientifically and 
understood by Plateau. Plateau has been discussed previously in this thesis for his 
contribution to the understanding of illumination. His work helped establish the 
Talbot-Plateau law, a mathematical description of image constancy during 
periodic shifts between the presence and absence of illumination, as experienced 
in cinematic projection (Wade, 1998). Plateau is also accredited with creating one 
of the first phenakistoscopes, a disc or machine that spins to produce the 
appearance of motion from a series of images. 
 
Bazin goes on to argue that this existing understanding of the persistence of 
images on the retina, among other things, constitutes all prerequisites for the 
invention of cinema and questions why then it took so long to be invented. He 
argues that “the photographic cinema could just as well have grafted itself onto a 
phenakistoscope” (Bazin, 1967, pp. 19) and develops a theory for why cinema’s 
invention may have been so significantly delayed. These propositions rely firstly 
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on an assumption that an understanding of the mechanics of the perception of 
motion in film was necessary to the invention of cinema. Secondly, they rely on 
the assumption that this understanding was accurate. 
 
In regard to the former, Bazin provides no justification for why an understanding 
of the physiological experience of the spectator would be required to invent 
photographic cinema. An understanding of the visual system is not necessarily 
required to produce moving images just as an understanding of the auditory 
system is not required to produce sound. As for the latter, the flaws of an 
explanation of cinematic experience that relies on the “persistence of an image 
on the retina” have been argued repeatedly throughout this thesis and mark a 
step backwards from Eisenstein’s work. The premise of Bazin’s argument about 
the myth of total cinema is contingent on an accurate conception of the 
mechanics of the experience of film. ‘Persistence of vision’ does not provide this. 
Bazin sought to engage with historical sources and scientific work to underpin 
his understanding of how motion is perceived, however he did so by focusing on 
the technology and not the viewer. He used explanations that invoke persistence 
of light on the retina as an explanation for certain components of the experience 
of film. In his defence, it would not be until the 1960s and 70s that more serious 
recognition of the inadequacy of a retinal explanation of ‘persistence of vision’ 
would begin to inform the study of film. 
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6.6 The transformative apparatus of cinematic projection 
 
Like Eisenstein before him, Jean-Louis Baudry identifies the importance of 
difference between images in creating the experience of film. However, unlike 
Eisenstein, Baudry locates the “transformation” that occurs when two image are 
placed together within the filmic apparatus itself, not the internal mental 
processes of the viewer. For Baudry “the mechanical apparatus both selects the 
minimal difference and represses it in projection, so that meaning can be 
constituted, it is at once direction, continuity, movement” (Baudry, 1974, pp. 42). 
In other words, the camera in its capture and the projector in its projection 
minimise the change occurring between individual frames so that the sequence 
can be perceived as meaningful, both as motion and as continuous. There is an 
interesting consequence in framing film projection as such. Baudry has denied 
the interaction and engagement of internal mental processes, such as those 
described by Eisenstein, and has shifted the focus of ‘persistence of vision’ away 
from the physiological. 
 
Baudry asserts that “on the technical level the question becomes one of the 
adoption of a very small difference between images, such that each image, in 
consequence of an organic factor (presumably persistence of vision), is rendered 
incapable of being seen as such” (Baudry, 1974, pp. 42). Most descriptions of 
‘persistence of vision’ at the time he was writing describe some sort of piling up 
of images on the eye allowing still images shown in quick succession to produce 
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the ‘illusion’ of motion, framing the phenomena as physiological.30 Baudry’s 
framing shifts the site of this transformation from the physiological to the 
mechanical aspects of film projection. By suggesting that it is the mechanical 
process that primarily ‘transforms’ the still image into meaningful percepts 
Baudry allows for a reading of film percepts as real, whilst still illusory. In this 
sense Baudry relocates motion detection outside of the scope of explanations of 
‘persistence of vision’ and places it within the mechanical processes of projection. 
 
Unfortunately this relocation does little to change the conception of the film 
viewer as passive. While explanations utilising historical conceptions of 
‘persistence of vision’ suggest that the viewer is passive due to the piling up of 
images on the retina, Baudry suggests that viewers are unconsciously passive due 
to the mechanics of projection and that they “find themselves chained, captured, 
or captivated (Baudry, 1974, pp. 44). He goes further to argue that this is also, in 
part, due to identification with the camera that “stages the spectacle... obliging 
him to see what it sees” (Baudry, 1974, pp. 45). 
 
This conception of film rejects the input and participation of the film viewer in 
constructing meaning. Baudry argues that “between ‘objective reality’ and the 
camera, site of inscription, and between inscription and the projection are 
situated certain operations, a work which has as a result a finished product” 
(Baudry, 1974, pp. 40), suggesting that any resulting percept in a viewer was 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
30 However most theorists at the time mischaracterised this change as retinal rather than 
cortical. 
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necessitated by the projected light (Barth, 2012). This does not account for the 
many ways in which the brain seeks meaning in percepts and ‘transforms’ 
information contrary to that meaningful percept, as described by Holcombe 
(2004) and even suggested by Eisenstein (1929/1951). 
 
Baudry sought to incorporate contemporary psychoanalytic theories into his own 
on film. Psychoanalytic theories, particularly Lacan’s mirror stage, influenced 
Baudry’s conception of the viewer’s experience of film in a way that emphasised 
identification and unconscious obligation. Baudry argues that the cinematic 
projection and the mirror stage share two necessary conditions, “suspension of 
mobility and predominance of the visual function” (Baudry, 1974, pp. 45) and 
that due to these shared conditions Lacan’s mirror stage may offer some insight 
into how cinema produces an “impression of reality.” Despite the claim that this 
is “more than a simple analogy” (Baudry, 1974, pp. 45) there is no strong 
evidence provided to support this claim. Further, while the mirror stage may be 
analogous with the cinematic experience under certain conditions, those 
conditions are far too broad to be meaningful. The same conditions are met by 
most attendants of live theatre, by passengers in cars, planes and trains as they 
look out the window, and by readers of comics and other visual print media. 
 
While Baudry’s theory of viewer identification with the camera in cinematic 
projection may be appealing, it is derived from an assumption of the relationship 
between psychoanalytic theories and film, rather than a substantiation of that 
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relationship. By the time of Baudry’s writing there had been some strong 
criticism of the efficacy of psychoanalytic methods and theories to the study of 
film.31 However, these did not gain prevalence for some time. Baudry sought to 
understand the experience of film and pushed ‘persistence of vision’ to a 
peripheral role in the process. This allowed for engagement with film as an 
experience of real motion but at the same time relegated perceptual engagement 
to a purely retinal process, overlooking the importance that meaning-seeking 
processes play in the production and experience of percepts. Assuming a retinal 
base to ‘persistence of vision’ combined with the incorporation of psychoanalytic 
identification theory furthered a conception of the film viewer as passive. This 
idea of the film viewer as constructed and positioned by the cinematic apparatus 
is shared by Christian Metz who incorporated an even greater spread of 
psychoanalytic theory when attempting to understand the processes at the very 
core of the experience of film. 
 
6.7 Contradiction and the law of movement 
 
Christian Metz is possibly best known for his work Film Language: A Semiotics of 
the Cinema (1974/1991) which seeks to understand the processes involved in 
constructing and conveying meaning in film. Metz adopted models of “langue” 
and “language” developed by Saussure (1966) and sought to provide a structure 
by which the syntax of film may be systematically categorised and analysed 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
31 Of particular note is Karl Popper’s (1963/2004) Conjectures and Refutations. 
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(Guzzetti, 2009). He would later incorporate the ideas of Lacan and Freud into 
his conception of identification in film in The Imaginary Signifier: Psychoanalysis and 
the Cinema (Metz, 1980/1986). In both works Metz incorporates contemporary 
ideas from scientific fields in his explanations of the experience of film and 
provides the most efficacious theoretical engagement with ‘persistence of vision’ 
amongst the theorists discussed in this chapter. 
 
Metz applied similar psychoanalytic theories as Baudry to come to conclusions 
about the experience of the viewer and identification at the cinema. Like Baudry 
he draws on Lacan’s mirror stage to describe the process of identification with 
the camera/projector in cinema and assumes some level of viewer passivity 
(Uhde, 2008). Although Metz claims that “the spectator can do no other than 
identify with the camera” (Metz, 1980/1986, pp. 49), this passivity is not all 
encompassing in Metz’s conception of the experience of film. His theory allows 
for conflict to exist in the viewer’s experience of film as simultaneously real and 
illusory. As Pieto (2010) writes, “for Metz...the consciousness of the spectator is 
divided; a ‘no’ to reality and a ‘yes’ to the cinematic illusion. The cinematic 
experience is made possible by and recapitulates for the film spectator the earlier 
unconscious experience.” In this way Metz rejects a purely passive viewer and 
requires some level of cognitive engagement to construct the filmic experience. 
This is important to note as it allows Metz to better address the physiological 
components of the experience of film, particularly in reference to ‘persistence of 
vision.’ 
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Metz arrives at the conclusion that the film viewer must “hold two contradictory 
options” in regard to the “perceptual observation” (Metz, 1980/1986, pp. 70) 
experienced at the cinema. The fourth and fifth chapters of this thesis build 
towards an explanation of the physiological components involved in ‘persistence 
of vision’ and in doing so arrive at this very same problem. While I offer possible 
avenues of research that may provide some insight into this problem based on 
physiological study, Metz takes an entirely different approach and seeks to 
explain this contradictory state through psychoanalytic means. As previously 
discussed with regard to Baudry, this incorporation of psychoanalytic theory was 
an attempt to engage the best available scientific theories of the time. The 
subsequent disfavour of those theories should not be used to criticise Metz’s 
methodology. 
 
In Metz’s earlier work on semiotics he discusses the “impression of reality” 
(Metz, 1974/1991) produced by cinematic projection, something also important 
to Baudry. Metz asks “why the impression of reality is so much more vivid in a 
film than it is in a photograph – as so many writers have observed, and as each of 
us may verify in his own experience” (Metz, 1974/1991, pp. 7). With theories of 
‘persistence of vision’ in mind Metz offers movement and motion as the answer 
to that question and the quality that distinguishes film as a unique art form. Metz 
is one of the first film theorists to accurately describe motion in film as real, 
directly attributing the field of psychology as the source of this knowledge. He 
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writes, “it is, in fact, a general law of psychology that movement is always 
perceived as real unlike many other visual structures, such as volume, which is 
often very readily perceived as unreal (for example in perspective drawings)” 
(Metz, 1974/1991, pp. 8). He then goes on to describe experimental research 
conducted by Albert Michotte van den Berck (1953/1991), which support his 
hypothesis that subjects do not perceive a difference between real and simulated 
motion.  
 
A moment should be taken to reflect upon this. Against prevailing opinions of 
‘persistence of vision’ and motion perception within theorising on film, Metz 
sought scientifically supported answers to the physiological experience of the 
viewer in film. Metz readdresses Bazin’s description of film as a “trace of past 
motion” (Bazin, 1967) but challenges this conception, arguing that it is 
impossible to reproduce motion materially and that visually a reproduction of 
motion is a production of that motion. He writes that “in the cinema the 
impression of reality is also the reality of the impression, the real presence of 
motion” (Metz, 1974/1991, pp. 9).  
 
In other words, Metz believes the ‘impression of reality’ in cinema is created by 
the real experience of motion. Metz gives primacy to the physiological percepts 
involved in viewing film in defining the broader experience. Stephen Prince, in 
his article True Lies: Perceptual Realism, Digital Images, and Film Theory (1996), argues 
that viewers match the percepts of the image they experience at the cinema with 
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corresponding experiences of the real world. By proposing this kind of 
relationship between percept and experience Metz opens film theory to the 
possibility of a broad range of interdisciplinary engagements in attempts to 
understand the experience of film. The addition of scientific theories of 
physiological processes provides great insight into that experience and Metz 
recognised the role such theories would play in advancing understanding of film. 
 
6.8 Physiological explanations for the experience of film 
 
‘Persistence of vision’ has appeared repeatedly throughout the long history of 
theorising on film. The use and interpretation of the concept has changed over 
that history and some theorists have not only applied the ‘common knowledge’ 
understanding of the theory but have critically engaged ‘persistence of vision’ and 
what it means for the spectator. In doing so a number of these theorists have 
made claims about the physiological phenomena involved in perceiving film, and 
in a number of these cases have done so by drawing on relevant and best 
available theories offered from scientific fields of study. The accuracy of the 
claims about the physiological components involved in perceiving film utilised by 
each of the previously examined works of theory drastically shape the way those 
works can be interpreted and understood. This chapter demonstrates a long 
history of theorists seeking scientific explanations for the experience of film but 
also the importance of those explanations in the development of theories of film. 
The chapter also offers some broader discussion of methodology and of 
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perceptual and physiological issues that are important to an understanding of the 
experience of film. The following chapter departs from the case study of 
‘persistence of vision’ that has so far been the focus of this thesis and instead 
focuses entirely on these methodological and perceptual issues that have 
significant potential for investigating the experience of film. 
 
The purpose of such a departure is to allow broader discussion of the ways that 
scientifically informed theorising could be applied to questions and concerns of 
film. The theories that are addressed offer an opportunity to diverge into a range 
of physiological factors that play an important role in constructing the experience 
of film and illuminate the possibility of scientific theories in improving the 
understanding of that experience. 
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7. The realisation of an interdisciplinary study of film 
 
In the previous chapter I have analysed a number of historical works on film that 
engage the concept of ‘persistence of vision’ and applied the physiological 
theories previously described to provide new ways of thinking about some 
important theories of film. This chapter seeks to extend the discussion well 
beyond the historical case study of ‘persistence of vision’ and look at 
methodological concerns as well as interdisciplinary possibilities for the study of 
film. Specifically, I will examine the work of the Filmologists and Rudolf 
Arnheim that inform methodological practice when attempting to engage 
scientific research meaningfully. The methodology of these thinkers is at the very 
core of their contribution to theorising on film, and without a closer engagement 
with that method their work cannot be fully appreciated, nor can an efficacious 
methodology for future research be developed.  
 
Scientific explanations of physiological processes and cognition provide a more 
accurate foundation for theoretical work than is otherwise possible when 
investigating the viewer’s experience of film. This chapter will look at the 
approach to problems of film by Bordwell to observe the unique contributions to 
the field that are made possible when entering into an interdisciplinary 
discussion. By appreciating the contextual sensitivity of scientific theories and by 
placing the role of scientific methodology at the forefront of their practice, 
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Bordwell is able to provide accurate and insightful examinations of the viewing 
processes. 
 
Finally I will look at a contemporary example of experimental engagement with 
the experience of film that demonstrates the potential of interdisciplinary work. 
The research is a collaboration between Bordwell and Tim Smith and applies a 
number of scientific theories and methods to questions of film. Not only is there 
a history of scientifically informed theories being constructed within film but also 
there is great potential for answering future questions by applying these theories 
and scientific methods to contemporary problems within film. Specifically, the 
study of task orientation and attention in relation to film are of particular 
importance in furthering the understanding of the experience of film. 
 
7.1 The need for interdisciplinarity in researching the experience of film 
 
When looking to meaningfully engage with other disciplines in the study of film, 
it is hard to look past the work of the Filmologists when developing a 
methodology for such work. They sought to bring about a rigorous and 
standardised methodology for approaching questions of film and formed a large 
collaborative association to do so, seeking official recognition within other 
disciplines. This effort allowed them to devote their efforts to a much broader 
range of questions and to develop their methodological and theoretical practices 
for engaging film. 
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It would be impossible, or at the very least impractical, to apply the same 
techniques and practices from studying the social impact of film to studying the 
aesthetics of film. There is a need for different approaches for solving different 
kinds of problems in order to properly investigate and explain film. This notion 
was a defining feature of Gilbert Cohen-Seat’s thinking when examining the 
broad spectrum of concerns regarding film left unanswered by writers of his day. 
Without a methodological approach to guide research, Cohen-Seat argued that it 
would be difficult for knowledge and information in film to progress to a level 
befitting of a serious academic field (Cohen-Seat, 1946). 
 
After the publication of Cohen-Seat’s Essai sur les principes d’une philosophie du cinéma 
in 1946 there was a concentrated effort towards arriving at a “comprehensive, 
methodological approach to film within the context of the university and its 
established fields of study” (Lowry, 1985, pp. 4). Filmology, as the movement 
was known, was “devoted to the construction of ‘a science of film’” (Lowry, 
1985, pp. 4) and grew from an overwhelmingly positive response in the French 
academy to Cohen-Seat’s work. As a direct result of his work and the work of the 
Association pour la Recherche Filmologique32 the first acceptance of film into 
academia occurred when the “[French] minister of education approved the 
attachment of the Institut de Filmologie to the Sorbonne, creating an official 
course of academic study in the new discipline” (Lowry, 1985, pp. 49). This bears 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
32 A group formed in response to Cohen-Seat’s Essai with the intent of furthering 
filmological research and methods.  
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repeating. Were it not for the acceptance of scientific research and a close focus 
on methodological practice film theory would not have been accepted into the 
academy at that point in time. The French Academy believed in the potential of a 
scientifically engaged theory of film and sought to establish the field in that 
image. 
 
Cohen-Seat’s Essai argued that questions concerning film were of greater 
significance than previous treatment suggests and that such concerns were not 
exclusive to the study of film. These questions of film are inseparable from the 
concerns of other disciplines such as psychology, sociology, philosophy etc. 
According to Cohen-Seat (1946), to approach such questions with appropriate 
respect to the concerns they generate would require a series of formalised 
methodologies. A fundamental aspect of these methodologies would be a greater 
respect for empirical evidence and the role it can play in the development of 
theories. In addition to developing scientifically informed methodological 
approaches it was necessary for the filmologists to divide the questions of film 
into fundamental categories based on the particular phenomenon of film being 
examined. Developing categories separating the problems of film allowed 
filmologists to remain sensitive to the different approaches required for different 
line of inquiry. Initially the filmologists did not lock the study of film into purely 
philosophical or purely empirical investigations. While Cohen-Seat and other 
filmologists advocated a science of film it was more as a way of supporting and 
strengthening existing theoretical practices than a way of replacing or dismissing 
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them. Physiological processes involved in visual phenomena had long established 
histories and the filmologists aimed to apply these ideas to film specifically to 
learn and understand the experience of the medium for its combination of a 
range of phenomena, crossing several disciplines at once. This was to be achieved 
through experimentation and analysis with many members being trained in 
specialised fields such as psychology. 
 
The filmologists believed that the organisation of the questions of film into 
categories relevant to the mode of research conducted was important in properly 
establishing common ground between the diverse fields involved in the 
investigation of film. When investigating how an audience perceives film it is 
important to utilise the research generated by each field that investigates the 
perceptual system. Filmologists saw this as an opportunity to synthesise existing 
theories and research a stronger and more balanced theory of film. At this time, 
scientists were particularly interested in film because it played an important social 
and cultural role, especially in post-occupation France. By synthesising existing 
research into categories the filmologists placed theories of the same phenomena 
in competition with each other in a dialectic form of theorising. Fundamental to 
the mission of the filmologists was the movement toward a unification of a 
diverse range of disciplines. As Lowry writes, “filmology sought to organise the 
‘sciences’ represented by the various academic disciplines in the pursuit of a 
comprehensive theory of film” (Lowry, 1985, pp. 49).  
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In their first international congress the filmologists put forward five categories 
for the investigation of film. These were: “1) Psychological and Experimental 
Research, 2) Research in the Development of Cinematic Empiricism, 3) 
Aesthetic, Sociological and General Philosophical Research, 4) Comparative 
Research on Film as a Means of Expression, and 5) Normative Research - 
Applications of studies of the filmic fact to problems of teaching, of medical 
psychology, etc” (First International Congress of Filmology, 1947, 233-234). 
These categories were refined for the second international congress of filmology, 
in which all reference to aesthetic and philosophical problems were eliminated. 
The submissions for the second congress focused almost entirely on sociological, 
psychological and physiological scientific studies of film, with few papers 
concerned with comparative studies of the medium (Stam, 2000, pp. 82).  
 
The change of categories marked a shift toward a more focused and exclusive 
examination of scientific problems within film and an increasing examination of 
empirical evidence. The second congress’s removal of aesthetic and philosophical 
research as fundamental aspects of film theorising is difficult to justify. In his 
conclusions on the filmology movement Lowry suggests that this shift in focus 
was inevitable given the lack of definition of “science” from the movement’s 
birth, leaving filmology to suffer from the ideologies of positivism and 
empiricism (Lowry, 1985). While the origins of filmology allowed for different 
methodologies relevant to the study of film to work together, the undefined 
alignment with science produced a polarisation, a movement toward purely 
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scientific methods and a rejection of non-empirically based investigations and 
concerns. The shift from empiricist research to a belief in empiricism marked the 
beginning of the end for filmology. The Institut de Filmologie at the Sorbonne 
was closed in 1963 and it was not until 1986, with the recognition of the Ministry 
of Education, that nationally recognised courses existed for film studies in France 
(Marie, 2006, p. 28). It remains clear that to efficaciously engage and investigate 
film requires incorporation of theories of philosophy and aesthetics. The 
investigation of film cannot be wholly reduced to a science.  
 
While there were a number of factors that played a role in the loss in support for 
the filmology movement, the shift away from aesthetics and philosophy was the 
most important. Treating film as a purely empirical object is incredibly 
problematic. The filmology movement should not be seen as evidence that 
empirical measures and scientific methods have no value to film theorising. 
Instead the movement can be used to inform future attempts at interdisciplinary 
investigation into film. The benefits of incorporating scientific theories, 
particularly to explain the physiological components of the experience of film, are 
highlighted throughout this thesis. Further, the methodology described in the 
second and third chapters incorporates the approach and work of both science 
and film studies so as to avoid a purely empiricist engagement with the medium. 
 
In online correspondence on the role of filmology in the history of film Nick 
Redfern asked, “[w]hy are there no (or so few) translations [of the filmologists 
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work]?” (Redfern, 2011). While the filmologists were mistaken in attempting to 
turn the study of film solely into a science, their contributions to knowledge in 
the field were significant and they produced a diverse body of works. Much of 
this work has never been translated into English, let alone compiled or analysed 
in any significant depth. While it is unlikely the research completed at this time 
would still remain the most accurate description of any particular phenomenon, 
their work may still contain interesting questions about viewers’ engagement with 
film and offer potential avenues for contemporary research. Works such as 
Germain (1953) on the different effects of noise and music in film, Wallon (1947) 
on child psychology and film, and Souriau (1950) on the structure of the filmic 
universe all show such potential. The movement as a whole went too far in 
attempting to study film as an object of science, many of the methodological 
values by the filmologists remain important to establishing theorising on film that 
meaningfully engages with scientific work. 
 
7.2 The role of art and aesthetics in theories of perception 
 
Rudolf Arnheim, like Munsterberg and others before him, was a proponent of 
film as an artistic form Arnheim, (1932/2002). He completed broad studies of 
the effects of art and aesthetics on the perceptual system, with particular focus on 
the mental processes involved in perceiving the world.33 This is in opposition to 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
33 It is worth noting that Arnheim was supervised by the Gestalt psychologist Max 
Wertheimer, a major influence on Munsterberg’s work, for his doctoral dissertation at 
the University of Berlin. 
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the filmologists and the approach they decided to take, essentially removing 
questions of art from consideration. Without focusing exclusively on the 
experience of film, Arnheim’s theories of perception and art offer great insight 
into the medium. Arnheim categorically examined the elements and cues that our 
perceptual system draws upon to produce the experience of depth and motion. 
He offered unique descriptions of the perceptual processes involved in the 
experience of film (Arnheim, 1954/2004). By utilising a scientific methodology 
and focusing on the difference between how an audience experiences the world 
and how they experience art, Arnheim is able to provide insight and 
understanding into both.  
 
In his most famous works Art and Visual Perception: A Psychology of the Creative Eye 
and Towards a Psychology of Art Rudolf Arnheim (1954/2004, 1949/1966) strove 
towards an understanding of the processes involved in viewing, perceiving and 
understanding art. Arnheim, like Munsterberg before him, rejected the idea of the 
viewing experience being absent of mental processes and argued that better 
understanding of the concepts of representation and replication were needed. 
For Arnheim, replication is a process that can occur without mental engagement 
as an existing object is recreated, while representation requires an active 
engagement with concepts to create meaning (Arnheim, 1949/1966). This is of 
particular importance in a visual medium abstracted from the objects the artist 
wishes to represent. Thus Arnheim proposed that our pre-existing understanding 
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and knowledge of objects changes the way we perceive and see them (Arnheim, 
1969, pp 181). 
 
To illustrate the mental aspect of the construction of images, Arnheim identified 
different visual qualities from which we gather information about an image. He 
identified that the weight of an object can be suggested through size (all other 
things being equal, greater size predicts greater weight), location (further from the 
centre of an image suggests greater weight), depth (objects deeper in the visual 
field of the image are considered heavier), colour, isolation (if the shape is on its 
own it will appear heavier), shape’s simplicity (the simpler the shape the heavier it 
is assumed to be), and orientation (vertical objects appear heavier). Arnheim 
produced a number of theories on how our perceptual system draws clues from 
the formal qualities of film that have been further supported by contemporary 
research into how our perceptual system works (Sullivan & McCarthy, 2009). 
 
Close analysis of how the perceptual system works with the artistic image 
brought about a rethinking of aesthetics. Prior to Arnheim’s work, realist and 
naturalist representations of the world were often considered the height of 
achievement within aesthetic production (Golomb, 1993). By framing art within a 
new understanding of perceptual processes, visual representations were 
reconsidered as objects of active engagement with viewers. Theoretical 
arguments for the value of realist and naturalist art were contingent upon certain 
qualities of perception that were shown to be unfounded. Arnheim’s extensive 
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demonstration of concepts through the use of sketches and simple drawings also 
led to a re-evaluation of the psychology of drawing in children. Children’s 
drawings were previously seen as primitive and defective. As Claire Golomb 
writes;  
 
the so-called peculiarities of children’s drawings, for example, the 
omission of parts and their misplacement, the so-called 
transparencies, the odd proportions and disregard for the relative 
size of figures, the schematic nature of the drawings and the absence 
of realism, were all seen as typical manifestations of an immature and 
confused mind (Golomb, 1993, pp. 11). 
 
Golomb goes on to show that by utilising Arnheim’s theory of perceptual 
systems, particularly his writing on the process of creating visual representations 
of the world, we can learn a great deal about child psychology through art. 
Arnheim’s work has influenced many researchers on child psychology in 
particular and has shaped contemporary conceptions of perceptual and cognitive 
development and processes (Golomb, 1993, pp. 17). In the same way, by using 
scientific research to inform the development of theories within film, it is 
possible to make important contributions to other academic fields. Film is 
fundamentally bound to problems of perception, psychology, sociology and 
culture in such a way that by improving and justifying theories within film that 
utilise scientific research, there is the potential to advance understanding not only 
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of film, but also of how people experience it. 
 
7.3 David Bordwell’s approach to interdisciplinarity 
 
David Bordwell is possibly the most well known proponent of a cognitive 
approach to film and throughout his career has applied empirically based 
research to the development of his theories. Bordwell has devoted a great deal of 
writing to changing the way theoretical work is approached, by focusing on 
methodological choices. He has worked to refine and clarify his own 
methodological approach for film theorising and posits his own theories as 
support for such a framework. While Arnheim approached art as a psychologist, 
seeking to develop a foundation upon which scientific research may be 
conducted on aesthetic material, Bordwell is able to work from that pre-
established platform and seeks to improve those methods in particular reference 
to film.  
 
According to Bordwell, theorists seeking to engage scientific work must operate 
together as a community, sharing and developing ideas in a dialectical manner. 
“Dialectical inquiry proceeds because a researcher belongs to a community 
committed to both rational and empirical investigation” (Bordwell, 2005). 
Rational and scientific investigation has underpinned much of Bordwell’s work in 
and on film theory, believing in the adoption of scientific methodologies within 
film to produce more rigorous and appropriate theories. He argues, that “the 
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regulative ideal of a research community is respect for argumentation and 
evidence,” (Bordwell, 2005) and as such strongly criticises work of other theorists 
that lacks sound argumentation and justification.34 
 
Bordwell’s engagement with a scientific methodology provides the framework for 
his own theoretical work, outlining established standards for the collection and 
use of empirical evidence. In his book The Classical Hollywood Cinema Bordwell 
utilises such a framework to examine the features of Hollywood films produced 
between the years 1915 and 1960 (Bordwell, Staiger, & Thompson, 1985). 
Bordwell analyses a huge number of films, almost 300 in all, from two different 
sample sets chosen to improve the efficacy of the analysis in order to better 
understand historical norms. By using a large sample of films it becomes possible 
to run statistical analysis on the observed qualities in these films and to illuminate 
patterns otherwise unnoticeable. These patterns can be used to discover how 
films are made, how they relate to one another, and most importantly, provide 
the background for how film is experienced by the viewer. Additionally, by 
providing a large enough data set theorists are able to prove statistical 
significance for their theoretical claims. Statistical significance refers to the 
likelihood that what has occurred in a set of data is representative of the group 
and phenomenon being observed as opposed to having occurred purely by 
chance. In this way Bordwell justifies his claims about classic Hollywood cinema 
by providing evidence concerning whether or not an observed quality is 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
34 Most notably the work of Slavoj Žižek 
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representative of the broader population.  
 
Bordwell deconstructs common beliefs about Hollywood by examining them to 
see whether or not they align with the evidence from that period of cinema. By 
looking at the difference between beliefs about Hollywood cinema and the 
evidence from the period we can search for an explanation of expectations, 
perceptions and values of audiences and how they change over time. It also 
allows us to properly place Hollywood films within a historical context that may 
produce a clearer picture of how different techniques, practices and themes 
developed. Bordwell’s method of questioning assumptions about a group or 
period of films and analysing those assumptions through empirical and 
measurable means allows for close examination of both films and the cultural 
beliefs around them. This opens a number of new research avenues with the 
potential to provide insight into the experience of film. 
 
Empirical research can be a powerful tool in investigating problems of film. In 
‘Blood’ flows without quick cuts David Bordwell (2008) analyses the average shot 
length during different contemporary films and genres, as well as the historical 
trends of shot lengths. These are objectively measurable qualities of cinema that 
influence the experience of films yet has not previously received much attention. 
By focusing on these elements in detail it becomes possible to discover new 
patterns and relationships between films. For instance, the average shot length in 
a particular genre may illuminate certain qualities of the genre and highlight those 
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films that deviate from this. Further, the standard deviation of a film’s shot 
length in relation to the mean provides even closer empirical scrutiny of the 
pacing of films that may otherwise be difficult to articulate or observe. Bordwell 
has sought empirical answers to his questions about film by working together 
with psychologists looking to better understand the viewers’ experience of film 
from a physiological standpoint. 
 
7.4 Experimental engagement with the film viewing experience 
 
To better understand what qualities make the film medium unique and how it 
produces the experience it does requires experimental examination of the process 
itself. In recent years experimental research into the film viewing experience has 
increased and offers some of the greatest potential for new insights into the 
medium. Recent technological advances have produced unobtrusive eye tracking 
machines as well as wider spread use of fMRI to study the viewers’ engagement 
with film. Experimental psychologists have the potential to examine both 
physiological and personal responses to stimuli and can provide a plenitude of 
data on how a viewer experiences a film. A clear example of how this work can 
be incorporated into theoretical and critical work within film can be seen in the 
collaboration between Dr. Tim Smith and David Bordwell on eye movement. 
 
Using an Eyelink 1000 eye tracker Dr. Smith of the University of London 
followed the eye movements of a group of viewers watching the Paul Thomas 
 191	  
Anderson film There Will Be Blood (2007). The development of technology such as 
the Eyelink 1000 has allowed cognitive psychologists like Dr. Smith to follow 
even the quickest flickers of the eye, known as saccades, not only on a still image 
but also for movement as in film or in live events (SR Research, 2010). Questions 
of how the eye moves across an image, how a director draws attention to visual 
items at key moments and how we extract meaning from an image can be directly 
addressed by experimentation and can inform theories on attention and film.  
 
One of the most impressive and inventive aspects of the work by the DIEM 
project is the presentation of data from their research. What Tim Smith calls a 
‘peekthrough heatmap’ allows a focused rereading of the visual scene that 
aggregates and displays viewers’ focuses. In Dr. Smith’s words: 
 
A virtual spotlight is cast around each gaze point. This spotlight casts 
a cold, blue light on the area around the gaze point. If the gazes of 
multiple viewers are in the same location their spotlights combine 
and create a hotter/redder heatmap. Areas of the frame that are 
unattended remain black. By then removing the gaze points but 
leaving the heatmap we get a “peekthrough” to the movie, which 
allows us to clearly see which parts of the frame are at the centre of 
attention, which are ignored and how coordinated viewer gaze is 
(Smith, 2011). 
 
 192	  
The effect is astounding in its clarity and simplicity and in the breadth of 
information it makes available instantaneously. From the data collected it is clear 
that the gaze is first and foremost drawn to the human face, drawing cues from 
dialogue, gesture and timing. This conforms to previous research on the human 
visual system and the distinctive effect human faces or even similar shapes have 
on our visual attention. In fact, it is currently believed that the detection of 
human faces and facial features is achieved by a distinct category-specific 
recognition system (Sinha et al, 2006). Research into individuals with 
prosopagnosia, a disorder impairing ability to perceive faces, has found most 
have no other significant perceptual impairment. This has been used as evidence 
for a specialized visual system focus on facial perception and recognition 
(Duchaine, Yovel, Butterworth, & Nakayama, 2006). Some optical illusions are 
based on this high level of familiarity with facial perception such as the hollow 
face illusion where a concave model of a face will appear convex. 
 
Of particular interest from Smith’s findings is the high degree of coordination 
amongst viewers in how they cast their gaze while viewing the moving image and 
has been termed ‘Attentional Synchrony’ (Smith & Henderson, 2008). This 
phenomenon is distinguished in film compared to still images that do not 
produce the same synchonising effect even with directional cues. In the still 
images there are particular focuses that draw the viewer’s gaze, however the 
congregation on those points occur at different points in time for different 
viewers. That is to say, most viewers will look at the same places in an image for 
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the same amount of time, however the point at which their eye goes to each 
point of interest differs greatly from the rest of the viewers. When watching a 
film the majority of the audience will all focus on the same points of interest in 
sync and continue to converge their gazes on new points of interest at the same 
time. By analysing each of the visual components of a film and breaking them 
into simple categories (colour, brightness, motion, etc.) the project was able to 
make predictions about when Attentional Synchrony would occur.  
 
There is much to gain for film researchers by engaging with the work being 
produced by the DIEM project. The research on the sequence from There Will Be 
Blood supported the readings of viewer focus of the scene by Bordwell (2008). 
While Bordwell predicted viewer activities without the use of technology or 
experiment the research cannot be dismissed as simply expensive and time-
consuming confirmation. In the same way, however, the research requires an 
interpreter to understand and apply the findings in a meaningful way to utilise 
this potential. There are also several problems relying on expert interpretations 
alone without the support of evidence. Even if the empirical evidence merely 
supports the claims made by film theorists this is valuable information. When 
trying to understand and explain the film experience, having justification for 
arguments should be at the foundation of all theorists’ practice. Having this 
evidence allows theorists to understand why something happens, as opposed to 
simply being able to predict what will happen. The ability to discern where the 
eye is being led in a scene is of great value but without understanding why this 
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phenomenon is occurring the film theorist is not attempting to explain or 
understand certain aspects of the film experience and is limited in the scope of 
their work. I believe that by understanding how attention is led across the screen 
in film there are a number of practical applications for moving image design and 
the potential to understand what percepts help construct the experience of the 
viewer in film. 
 
The research from the DIEM project also has broad applications in improving 
our understanding of how individuals watch films. We may be able to make 
structural predictions about what in a scene will draw the viewer’s attention and 
build theories of film around how different manipulations of individuals’ focus 
effects the experience of the film. Do moments of attentional synchrony also 
carry effects on an audience’s reception of the content being displayed? Are we 
more or less likely to feel emotionally engaged during moments of attentional 
synchrony? How can films construct tasks that shape how the viewer’s gaze 
moves around the film screen and what effect does this have? 
 
Relevant to the research produced by the DIEM project is task oriented searches 
and the role they have in changing the way a viewer’s gaze moves around an 
image. Bordwell discusses how our eyes produce a coherent image and the details 
of our visual focus. As he points out it is rather surprising how limited the scope 
of our visual focus is. Visual acuity decreases dramatically from the exact focal 
 195	  
point as described in fig 2.35 This means our visual system relies on saccadic 
movements and large cues to shift our attention around our visual field. The 
saccadic movements make up the basis of how we scan the space around us and 
we rely on a form of mental sampling to construct a complete image of the 
world. 
Graph 2. Visual Acuity from Fovea 
 
 
In attempting to understand how a viewer’s eye moves around an image we have 
to first understand what process the brain uses to determine focal points. At this 
point it is necessary to introduce the ideas of top-down and bottom-up 
processing. When dealing with the brain’s interaction with sensory stimuli 
cognitive psychologists talk about top-down and bottom-up processing. Top-
down processing refers to the variables created by the individual’s “intentions, 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
35 Reproduced from “Chapter 7 – Vision” by Michael D. Mann, 1997, The Nervous System 
in Action. Retrieved from http://michaeldmann.net/mann7.html 
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desires and prior experience” (Smith, 2011) and can be influenced by any 
predisposition. In other words, it describes how a person’s individual context 
effects the processing of stimuli. Information is recalled and knowledge is applied 
to make logical steps towards a directed goal or task. This could include scanning 
the ground for a dropped object or looking for a friend in a crowd. Bottom-up 
processing is that which is considered hardwired into the brain or involuntary 
and in fact is a reaction to stimuli without thought, without individual processing, 
such as involuntarily drawing attention to movement, possibly an evolutionary 
trait. This would include a bright flash of light or an object moving towards you. 
Even in the peripheral these draw our attention and force a response 
immediately. 
 
There is a great deal of research on top-down and bottom-up processing and 
how objects in the periphery are perceived and interpreted. Without going into 
unnecessary depth it can simply be said that even if a viewer is not focusing on 
something they can still act and react to subtle cues produced in that visual space 
even without conscious recognition of what has happened. This is how our 
attention can shift around a space, a screen or a painting. In a blog post entitled 
‘The eye’s mind’ Bordwell (2011) explores how visual focus is drawn and moved 
around an image and what factors affect the outcomes in doing so. 
 
Bordwell discusses an experiment conducted in 1965 by Russian psychologist 
Albert Yarbus. The experiment used eye-tracking technology to follow the 
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saccadic movements of subjects as they viewed a classical painting (They Did Not 
Expect Him aka An Unexpected Visitor by Ilya Repin, 1884). When overlaying traces 
of subjects’ saccadic movements on the image it becomes clear the human faces 
and the boots of the ‘visitor’ in the image are paid the most attention. The eye 
returns to these points over and over in the base study with only a small amount 
of activity in the other areas in the image. What is of particular interest from the 
work done by Yarbus is the task oriented searching completed by subjects. When 
asked to estimate the age of each of the individuals in the painting the saccadic 
movements cut most superfluous information and focused entirely on the faces 
of each of the people in the painting (Yarbus, 1967). In contrast, when asked to 
remember the spatial arrangement of all objects in the painting the saccadic 
movements scan much more haphazardly with a more even spread over the 
entirety of the image (Yarbus, 1967). 
 
What we can conclude from these experiments is that our attention and our 
saccadic movements are focused around particular objects. These are determined 
somewhat by task orientation, which by default focuses on engaging human 
faces, an incredibly important and regular daily activity that plays a central role in 
our existence as social creatures. Extending this task orientation to film opens up 
a wide range of possibilities for future research. Furthermore, it confirms existing 
expectations about how the experience of films changes between viewers and 
viewings. The knowledge a person takes into the viewing experience can impact 
how their focus is led throughout the duration of the film and has the potential 
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to dramatically change what they see and feel. On successive viewings of a film 
individuals will have another set of information that may guide the way their 
focus is directed around the screen. Experimental research into this possibility 
may offer great potential in understanding how information within a film is 
recalled and engaged. 
 
By knowing more about a film or about the director, the production process, the 
genre, the style, etc. a viewer can significantly change the end experience of that 
film. Directors can directly engage viewers and organise their focus by setting 
tasks within the script or plot of the film that viewers feel compelled to attempt. 
This can include searching for clues, scrutinising the honesty of characters or 
resolving a problem with objects and tools at hand. While task orientation can 
shape and guide how attention is led around the screen, cognitive engagement or 
attention is a necessary condition for certain perceptual experiences. 
 
In attempting to understand the effect of attention on perception a group of 
psychologists ran an experiment to examine how important the former was in the 
construction of the latter (Rensink, O’Regan, & Clark, 1997). A number of 
experiments were conducted that involved showing viewers an image followed by 
a gap and then a modified version of the original image. The sequence would 
repeat over and over until subjects were able to correctly identify a difference 
between the two images and its location. When changes were made in central 
interest areas of the image the change was noticed reasonably rapidly. However, 
 199	  
if the change was made to an area of marginal interest, even if the change was 
large, it would go undetected for a greater length of time. If an object in the 
image were to change location outside of the central interest of that image, the 
change would take more than four times as long to notice as if it had occurred in 
a marginal interest portion of the image. In these cases spotting the change took 
upwards of 20 seconds. 
 
None of these effects are observed without placing a gap between the two 
images. If there is no gap as the images are flickered the change is immediately 
recognisable irrespective of its central or marginal interest location. The 
researchers draw the conclusion that observers do not form “a complete, detailed 
representation of their surroundings” (Rensink, O’Regan, & Clark, 1997, pp. 
368). Instead attention is needed to consciously engage and recognise elements 
within the visual field. This fits into a larger study of phenomena known as 
inattentional blindness and change blindness (Simons, 2000; Simons & Rensink, 
2005). These areas encompass individuals not perceiving a change in the colour 
of a shirt, the presence of a different person than the one they were originally 
talking to midway through a conversation or most famously a dancing gorilla 
(Chabris et al, 2001). Our perception of the world is entwined with our attention 
and interest and as such, so too is our experience of film.  
 
Theories of attention and perception are incredibly important when trying to 
understand the experience of film and experiments like those above highlight this 
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relationship between cognitive function and perceptual experience. Specific 
problems of film can be addressed by applying a broader range of methods and 
research in seeking a better understanding of the processes and mechanics 
involved, thus allowing understanding of film as a whole to move together 
towards more efficacious and rigorous theories. 
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8. The benefits of an interdisciplinary engagement with film 
 
I began this thesis by proposing a methodology for engaging with science and 
developing interdisciplinary work on film. Following this I outlined the 
prerequisites for applying this methodology efficaciously. In the fourth and fifth 
chapters of this work I presented a case study of the scientific investigation into 
the phenomenon of ‘persistence of vision’. This included a close review of the 
progression of theorising on visual persistence and biological motion detection. 
The study presents the most accurate and complete theories available for the 
particular discussed phenomenon and provides an overview of how scientific 
theories develop over time. In the sixth chapter the evidence and scientific 
conclusions presented in previous chapters is used to evaluate and contextualise 
certain historical claims made by theorists within film theory in relation to 
‘persistence of vision’. Thereafter I discuss a number of theorists interested in 
film who specifically sought to found their theorising on scientific work. 
 
Finally I demonstrated specific instances where, by applying the methodology 
advocated throughout this thesis, experimental research may be engaged to 
further understanding of the experience of film. ‘Persistence of vision’ 
demonstrates a historical instance of this while attention and task orientation are 
just two possible areas of research that may assist in future research through 
interdisciplinary engagements with film.  
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It should be reiterated that the writing throughout this thesis does not hold 
science to some absolute position in film theorising. At no point is it being 
suggested that all writing within film requires the addition of scientific research. 
It is quite possible to discuss film in a theoretical capacity without any reference 
to scientific research or theory on the experience of film. Further, more 
traditional film analysis is not subverted by the existence of more scientific 
methods such as metric analysis.36 Different methods that provide new pieces of 
evidence for analysis allow for rich and complex relations with a subject. Theory 
that discusses the state of the viewer while experiencing film or on the way film is 
perceived and understood have a range of scientific fields to draw from that 
provide insight into the processes involved, including media psychology, social 
psychology, human biology, etc. It is my assertion that in these instances 
engagement with scientific work will improve the theorising that follows. 
 
What is being argued for is a more active and rigorous engagement with scientific 
research where such an engagement can promote understanding and insight into 
the experience of film. There are legitimate concerns as to what effect this kind 
of theorising could have on the scope of the field but these are primarily in the 
implementation of such approaches and have been addressed in the second and 
third chapters. Beyond the discussed benefits of higher standards of rigour within 
academic work, there are specific benefits available to the study of film by 
understanding and incorporating scientific theories and research into our 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
36 Statistical analysis of cinematic metrics 
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approach to film. It is possible to advance understanding of film by utilising 
available information from other fields and by improving methodological 
engagement with film. 
 
The fields that study the experience of film can benefit greatly from an 
interdisciplinary engagement with the phenomenon. The methods outlined in this 
thesis relate to real problems of film and potential new avenues to be investigated 
to resolve such problems. This thesis has primarily focused on demonstrating a 
historical instance where an engagement with theories of physiology and 
perception substantially improved the accuracy of theories of the experience of 
film related to ‘persistence of vision’. However, interdisciplinary engagement is in 
no way limited to this historical context as is shown with the discussion of 
attention and task orientation at the end of the previous chapter. 
 
There is great potential for an interdisciplinary study of film in future research. 
Of particular interest are the possibilities that physiological theories of the 
experience of the viewer may have for utilising film within an educational 
context. From an early point in film’s conception its potential for application in 
an educational context has been recognised. In 1922 Thomas Edison asserted, 
“the motion picture is destined to revolutionize our educational system” (Weir, 
1922) and in 1914 a school superintendent went before the National Education 
Association and claimed “the motion picture multiplies the advantages of the 
ordinary picture a thousand fold” and that “its benefits are incalculable” 
 209	  
(Graham, 1914, pp. 746-747). It is my hope that by applying the methodologies 
outlined in this thesis and by making meaningful interdisciplinary engagements it 
will be possible to produce new insights into film that will not only improve the 
understanding of the experience of film, but films use within society.  
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